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Description 

TECHNICAL FIELD 



The present invention relates to packaging materials. More particularly, the present invention relates to a polyeth- 
ylene film for packaging prepared from a specific ethylene copolymer as a main component, which has a little variation 
in thickness, andasmgle layer or multi-layer biaxially stretched polyethylene film which is caused orientation by stretch- 
ing under specific conditions, which is excellent in stretchability, shrinkability and restoration from deformation- and a 
preparation process thereof. 



BACKGROUND ART 



As a conventional heat shrinkable polyethylene film, there have been known films prepared by tubular biaxial 
stretching and applicable to shrink packaging at a low temperature lower than a melting point, which have been found 
out by the present inventors, and put on the market. 

Further, the present inventors have found out heat shrinkable polyethylene films improved in stability of a stretched 

m *™^,T lty ° f s,re,chin 9 bv specifying polyethylene copolymers (Japanese unexamined Patent Publication 
No. 62-201229). 

On the other hand, recently, as a film for packaging foods such as meats, sea foods, vegetables, fruits and daily 
dishes, stretchable films have been increased with increase of the number and expansion of the scale of supermarkets 
and convenience stores. K 

Heretofore, as a heat stretchable film, a film prepared from a plasticized polyvinyl chloride as a raw material has 
been most widely used, since the film has excellent properties such as excellent transparency and tackiness The film 
is, however, disadvantageous in safety health or environmental pollution, for instance, it is easy to cause the loss of 
weight or the deterioration of an object to be packaged because of a large amount of steam permeating through the 
film, or it is easy to contaminate the object with the plasticizer, which are resulted from the use of a large amount of 
the plasticizer, or harmful hydrogen chloride gas generates during the production of the film, melt-cutting of the film in 
the packaging production process or destruction of the film by fire. 

Therefore, films substitutive for the plasticized polyvinyl chloride film have been actively developed in an ethylene 
resin such as polyethylene, ethylene-vinyl acetate copolymer or a polybutadiene resin. 

Although the films obtained by this invention are improved in stability of the stretched tube and uniformity of stretch- 
ing and show the effect for improving the thickness variation, films having a less variation in thickness have been 
desired from the viewpoints of suitability for packaging machine and printability. 

Although the polyethylene or polybutadiene resin films as mentioned above have no disadvantage regarding the 
safety health and the environmental pollution, they are not fully satisfactory as a stretchable film For instance a non- 
stretched low density polyethylene film causes a necking phenomenon that the stretched film has the stretched parts 
and the non-stretched parts, so the film thickness remarkably varies upon stretching for stretch packaging and the 
elastic restoration is small, thus being not finely packaged objects. Further, the film strength is poor and the transparency 
is unsatisfactory. So, in order to improve the strength of the film or give the heat shrinkability to the film, it is attempted 
that the film is caused high orientation by biaxial stretching. However, the low density polyethylene has technical dif- 
ficulties such that the film is broken during the processing, therefore, its preparation method is the soiled inflation 
method. Thus, since the obtained film is not caused effective molecular orientation, it is inadequate in strength and 
shows a heat shrinkability only at high temperatures close to its melting point. 

Also, it has been tried to market films prepared from a crystalline 1 ,2-polybutadiene or ethylene-vinyl acetate 
copolymer as a mam component, to which an antifogging agent or a tackifier are added. However, since these films 
are prepared by the T-die method or the inflation method, the obtained films have no heat shrinkability. When packaqinq 
an object to be packaged with these films by a hand wrapper or a stretch automatic packaging machine, it is easy to 
break the films at an edge of a tray due to the poor film strength. That is, these films have not yet reached to a level 
that they can be substituted for the conventional films. 

On the other hand, objects to be packaged have been diversified. Consequently, in case of packaging objects 
containing a large amount of water such as pickles or foods boiled down in soy, if the sealing is owing to only the 
tackiness of the film, the sealing joints of the film peel off due to water adhereing, thus resulting in the loss of weight 
of the object, and further lowering of its market value. Accordingly, films capable of heat sealing have been required 
Also, there is a case that, depending on objects to be packaged, tightly-fitted package cannot be obtained, if owing to 
only the stretchability of the film, remaining creases or looseness on the film. Accordingly, films having in addition 
thereto, heat shrinkability have been required. 

Also, from the viewpoints of requirements for higher productivity and speedup of packaging, automatic packaqinq 
machines such as automatic stretch packaging machines and automatic shrink packaging machines are rapidly re 
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placing hand wrappers and are remarkably spreading, with increase of the number and expansion of the scale of 
supermarkets and convenience stores. Accordingly, films applicable to automatic packaging machines are strongly 
required. 

Further, from the standpoints of those in the wrapping art, there have been required films applicable to stretch 
s packaging as well as shrink packaging, such that it is not required to replace by other films, even if an object to be 
packaged is changed, and having heat sealability. 

Further, according to the change of distribution process, there have been recently increasing cases where tray 
packaging is conducted by automatic stretch packaging machines or automatic shrink packaging machines at a place 
of production, corrugated cardboard boxes packed with the packaged objects are transported, and they are unpacked 
10 in supermarkets or convenience stores, and displayed and sold. Owing to a load of the boxes stacked tier and tier in 
the course of transport, the packaged objects become unattractive, for instance, the tension of the film on the tray 
surface disappears or the film becomes creased, thus resulting in actual facts that the packaging is conducted again 
in backyards of supermarkets or convenience stores. Accordingly, packaging materials such that even if the transport 
is conducted in the state that the boxes packed with the packaged objects, which are stacked tier and tier, the tension 
15 of the film on the tray surface does not disappear have been required. 

EP-A-0 240 705 discloses a heat shrinkable ethylene polymer film which is a biaxially stretched film of an ethylene 
polymer comprising at least one linear copolymer of ethylene and a-olefin in a certain stretching ratio, the ethylene 
polymer has a specific differential scanning calorimetry (DSC) curve. 

20 DISCLOSURE OF THE INVENTION 

In order to overcome the above-mentioned defects of the stretchable films and provide biaxially stretched films 
having small variation in thickness and films further having heat shrinkability and stretchability, and capable of sealing 
by a plate heater whereby the sealing joints do not peel off even if water adheres to the joints, the fine shrink packages 

25 can be obtained, and the re-packaging is not required because of excellent restoration even if partially stretching the 
shrinked parts after shrink packaging, by using polyethylene resins which are excellent in transparency gloss, tear 
strength and low temperature resistance, have suitable gas permeability and low steam permeability, do not cause the 
loss of weight of the objects, do not cause the migration of plasticizers, and do not produce hydrogen chloride gas 
during burning, earnest studies have been made. As a result, it has been found that there are applicable to the objects 

30 single layer, biaxially stretched films obtained by stretching non-stretched films prepared from, as a main component, 
a composition containing a specific linear low density polyethylene under known conditions to cause orientation, and 
films obtained by stretching a non-stretched multi-layer film having, as an intermediate layer, a layer of the above- 
mentioned composition under low tensile strength conditions to cause orientation, and the present invention have been 
accomplished. 

35 That is, the present invention relates to 

(1) A biaxially stretched polyethylene film formed from a linear low density polyethylene (A) as mentioned below 
as a main component [hereinafter referred to as "biaxially stretched film (1)]; 

(2) a biaxially stretched polyethylene film formed from a composition containing, as main components, 100 parts 
40 by weight of the total of 90 to 60 % by weight of a linear low density polyethylene (A) as mentioned below and 10 

to 40 % by weight of an ethylene-a-olefin copolymer (B) as mentioned below and 0.5 to 3.0 parts by weight of a 
surfactant composition (D) as mentioned below [hereinafter referred to as "stretchable, shrinkable film (2)"]; 

(3) a biaxially stretched polyethylene film wherein an intermediate layer is prepared from a composition containing 
as a main component a linear low density polyethylene (A) as mentioned below, the innerest layer and the outerest 

45 layer are prepared from a composition containing as main components 100 parts by weight of the total of 20 to 60 

% by weight of an ethylene-a-olefin copolymer (B) as mentioned below and 80 to 40 % by weight of a linear low 
density polyethylene (C) as mentioned below and 0.5 to 3.0 parts by weight of a surfactant composition (D) as 
mentioned below, and the thickness of the intermediate layer accounts for at least 60 % of the total thickness and 
each thickness of the innerest layer and the outerest layer is at least 1 urn [hereinafter referred to as "multi-layer 

so stretchable, shrinkable film (3)]; 

and their preparation methods. 

(A) a linear low density polyethylene having a density of 0.890 to 0.930 g/cm 3 and a melt flow index of 0.1 to 10 
55 g/10 minutes, and showing, in measurement of melting point by the differential scanning calorimeter, a main peak 

temperature (Tma) within the range of 118 ± 5°C in a melting curve obtained when after a temperature of the 
polyethylene is kept at 190°C for 30 minutes, the temperature is dropped down to 20°C at a cooling rate of 
100°C/minute and subsequently raised at a heating rate of 10°C/minute (hereinafter referred to as "melting curve 
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after rapidly cooling") and showing a temperature difference between Tma and Tmb of at least 3'C wherein Tmb 
^Z P T 7 e T? ^ 3 meltin9 CU,Ve ° btained when afterthe tem P«rature of the polyethylene is kept at 

raised at a heating rate of 1 0°C/m,nu.e (hereinafter referred to as "melting curve after gradually cooling") (herein 
s ator referred to as "lowered melting point polyethylene in rapidly cooling") 

(B) i an ethylene-ot-olefin copolymer having a density of 0.870 to 0.900 g/cm3 a melt index of 0. 1 to 20 g/1 0 minutes 

copotymeO 9 P °' m aCC ° rdin9 * ^ " '° ' °°° C (hefeina,ter * 38 " toW me ' ,ing P ° int 

10 Kn Nn8 T '°,u dGnSity po| y eth y |ene havin 9 a de "sity of 0.890 to 0.930 gW and a melt flow index of 0 1 to 10 

"> g/10 minutes (hereinafter referred to as "widely used linear low density polyethylene") 

(D) a composition comprising at least one surfactant selected from the group consisting of glycerol fatty acid esters 
polygfycerol fatty acid esters, sorbitan fatty acid esters, polyethylene glyco. fatty acid esters' alky ZSL 
polyoxyethyfenealkylamineeandpolyoxyethylenealky. ethers (hereinafter reLed to as ^ 

In an aluminum pan is sealed 8 to 1 0 mg of a sample, and measurement by DSC is conducted in a nitrogen stream 
The lowered melt.ng point polyethylene in rapidly cooling (A) used as the main component resin in each oMhe 

ZZShTS T' T Stre,Chable ' Shfinkable fNm (2) and ,he in,ermedia,e * »• mul^stShar 

V JLT « l^ m l ° 1 ^ Carb ° n a, ° mS indUdin9 propylen8 ' butene - 1 ' hexene-1,4-methyl pentene-1, octene 

li £?£Vf I ?° rS C ° nCre,ely ' ,hefe are Particularly pre,erab,e ' ,or instanc * terpolymers conSng 

at least 50 % by weight of ethylene and two kinds of the a-olefins as main components and having a total branching 
coefficient of not less than 1 .5 CHytOOC, and copohymers containing ethylene and .he a-olefin having 4 to 8 carbon 
atoms as mam components and having a branching coefficient of not less than 2.5 CH3/1 00C. Especially the copolymer 

Films prepared from polyethylenes indicating a melting curve after rapidly cooling in which an endothermic area 

.h^U 6 ! , b ° Ve " me , nti ? n f ed ' OWered meltin9 P ° int in rapidly CO0lin9 P 0| yethlene (A) may be used alone or as a mbcture 
m £LT°r V °t ? feS,n T' 88 3 hi9h PrSSSUre meth ° d an e.hylene-vinyl acetate copolymer 

an .onomer or an ethylene-propylene copolymer may be admixed with the above-mentioned resin which is used as 

;nveZn. COmPOnen, ** *" * d ° "* ^ Wi,h ,he attainmert - the objecTs oHhe pretenl 

„« n pon h . e ™ "^ ent i° ned r6Sin (A) ' ,he l0Wered meltin 9 P° int Polyethylene in rapidfy cooling, those havinq a density 
of 0.890 to 0.930 g/cm3, preferably form 0.900 to 0.920 g/cm3, are used, and those having a melt SowTdex of 0 1 to 

he^t eZS P t? f T °' 3 10 5 9/10 minU,eS ' US6d Wh6n thS is less < ba " 0.890 ^ ho gh 

bLttfn ty ! Sea,ab, " ty at ' 0W ,em P erature are exc e'lent, there are defects that the strength o the 2 
oHh? a ?, P , "!? 31 shr,nkabi,it y is so ,ar 9 e th * Shrinkage is caused when sealing by using a plate hea er 

SToSoS'SJIK h k ,here,0fe ,iniSh °' ,he ,fay b0tt0m becomes **■ ™™ < b ° 'ensrty s more 
i™ ^ f etchabihty becomes poor and the heat sealability becomes low, so the films desired by the 

present invention cannot be obtained. Also, thecase wherethe melt index is .ess thanO.1 g/tOminutes is notpreflble 
Z oTn WP °' n S Wenng processabilit y and ,he stre.chabi.rty, and .he case where .he mett inlxTmo e 
than 1 0 g/1 0 minutes .s not preferable since the processability at stretching becomes bad 

Also, polyethylenes showing the above-mentioned Tmb - Tma of less than 3°C are not preferable since the stability 
and uniformity o the stretching are insufficient when forming .he film from such a pttJfiJZtZSZZ TZ 

o.h JIT 6 ' 66 ^ po ^ eth y ,enes in ra P idl V coo »ng (A) are used as the main component, and may contain 

? zs rrr ymer w ? in . ,h , e range of not more ,han 20 % by ^ * such •»*•"• **<*™ may 

ethvlenf . o,21n e r mP ,9d ' ' nStanC8 ' US6d Hnear '° W densit V P°^hylene resins, low melting poim 

e.hylene-<x-olef.n copolymers as ment.oned below, high pressure method polyethylenes, copolymers of ethylene and 

^Z y n?h n e%ZrT;K e T ne " Viny ' aCe,a,e COP °' ymerS ' C ° P0,ymerS ° f e,h V ,ene and (SSS S a"dS 
hkeWhentheamountof the above-ment,oned other ethylene copolymer is more than 20% by weigh., the characteris.ic 

t obi^r, r ° n ' t the StretChin9 S,abili,y ° n S,re,Chin9 Under bw tensile stren 9' h Horn's unsalisSry o 
the objects of .he present invention cannot be attained 

co Jv h ltTZr i0ned i° W me ,' ,ir,g ^ int P°'y eth y ,ene copolymers (B) can be selected from among, for instance 
copolymers of ethylene and propylene, butene-1 , pentene-1 , hexene-1 , 4-methyl pentene-1 octene-1 decene-1 or a 
mcdure thereof. Particularfy, the copolymers selected from the copolymers o. Xylene and Sne-1 « preferably 
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used. Copolymers having a density of less than 0.870 g/cm 3 are effective as to improvement of low temperature heat 
sealability, but it is easy to cause the blocking of films even if adding the surfactant composition to such a copolymer, 
and the roll-releasability of film is poor. Also, such a copolymer has a defect that the slipping property in automatic 
packaging machines is bad. Copolymers having a density of more than 0.90 g/cm 3 are not preferable because of a 

s little effect for improving the sealability at low temperature. Copolymers having a melt flow index of less than 0.1 g/10 
minutes are not preferable because of the lowering of processability and the lowering of stretchability, alike the case 
of the linear low density polyethylene. Copolymers having a melt flow index of more than 20 g/10 minutes have such 
a problem that the stability of the stretched tube is bad. The amount of the low melting temperature polyethylene 
copolymer to be added in the preparation of the stretchable, shrinkable film (2) is from 10 to 40 % by weight. When 

10 the amount is less than 10 % by weight, the heat sealability at low temperature is not improved and the stretchability 
is poor in some degree. On the other hand, when the amount is more than 40 % by weight, the heat sealability at low 
temperature is excellent, but a performance simultaneously satisfying the roll-releasability on drawing out from the film 
roll, the slipping property in the automatic packaging machine and the tackiness between films cannot be obtained 
even in a case of adding the surfactant composition as mentioned below. The amount range is preferably from 20 to 

is 35 % by weight. 

The admixing ratio of the low melting point polyethylene copolymer (B) in the innerest and the outerest layers of 
the multi-layer stretchable, shrinkable film (3) is from 20 to 60 % by weight. When the ratio is less than 20 % by weight, 
the sealability at low temperature is poor and the sealability by a plate heater of an automatic packaging machine is 
poor in a tray bottom part. Also, particularly, the collapsing property of films is bad in a tube forming step and a collapsing 

20 step. On the other hand, when it is more than 60 parts by weight, the heat sealability at low temperature and the 
stretchability are excellent, but the performance simultaneously satisfying the roll-releasability on drawing out from the 
film roll, the slipping property in automatic packaging machines and the tackiness between the films cannot be obtained 
even in a case of adding the surfactant composition as mentioned below. 

As the above-mentioned widely used linear low density polyethylenes (C), there are exemplified, for instance, 

25 copolymers of ethylene and one or more a-olefins having 3 to 20, preferably 4 to 8, carbon atoms such as propylene, 
butene-1, hexene-1, 4-methyl pentene-1, octene-1, decene-1 and dodecene-1, and the like. 

As the above-mentioned surfactant composition (D), one or more nonionic surfactants such as glycerol fatty acid 
esters, polyglycerol fatty acid esters, sorbitan fatty acid esters, polyethylene glycol fatty acid esters, alkyl diethanol 
amides, polyoxy ethylene alkyl amines and polyoxyethylene alkyl ethers are used. 

30 It is necessary that the surfactant composition is used within the range of the above-mentioned added amount, 

because it is related to the releasability of film from the roll, the slipping property in automatic packaging machines, 
the tackiness between the films and the heat sealability in combination with the resin composition, in addition that the 
surfactant composition gives the antifogging property. From the viewpoint of exhibiting the above-mentioned properties, 
there are more preferable as the surfactant the polyglycerol fatty acid esters, the sorbitan fatty acid esters, the poly- 

35 ethylene glycol fatty acid esters and the alkyl diethanol amines. 

As the component used in the above-mentioned surfactant composition, concretely, there are exemplified glycerol 
monolaurate, glycerol monostearate, glycerol monooleate, diglycerol monolaurate, diglycerol monostearate, diglycerol 
monooleate, sorbitan monolaurate, sorbitane monostearate, sorbitane monooleate, polyoxyethylene glycerol monol- 
aurate, polyoxyethylene glycerol monostearate, polyoxyethylene glycerol monooleate, polyethylene glycol monolau- 

40 rate, polyethylene glycol monopalmitate, polyethylene glycol monostearate, polyethylene glycol monooleate, polyeth- 
ylene glycol dioleate, polyethylene glycol trioleate, lauryl diethanolamide, stearyl diethanolamide, oleyl diethanolamide, 
polyoxyethylene lauryl amine, polyoxyethylene stearyl amine, polyoxyethylene oleyl amine, polyoxyethylene lauryl 
ether, polyoxyethylene stearyl ether, polyoxyethylene oleyl ether, and the like. 

When the added amount of the surfactant (D) in the above-mentioned stretchable, shrinkable film (2) and the 

45 innerest and the outerest layers of the multi-layer stretchable, shrinkable film (3) is less than 0.5 part by weight, there 
are defects such that the antifogging property is unsatisfactory, the slipping property in automatic packaging machines 
is bad, and the collapsing of the film in tray-packaging is inadequate so, the figure of finished package in the tray bottom 
part is bad. When the amount is more than 3 parts by weight, though the antifogging property, the slipping property in 
automatic packaging machines and the collapsing property of the film in tray packaging are excellent, the heat sealability 

50 is lowered and the sealing of the film at the bottom part is inadequate, which are not preferable. 

In addition to each component as mentioned above, additives usually used such as a lubricant, an antiblocking 
agent and an antistatic agent may be suitably used for providing each useful function. 

Also, as to the above-mentioned multi-layer stretchable, shrinkable film (3), when the thickness of the intermediate 
layer accounts for less than 60 % of the total thickness, the stability of the bubble on stretching is poor. On the other 

55 hand, when each thickness of the innerest layer and the outerest layer after stretching is less than 1 u.m, the heat 
sealability cannot be exhibited, and in the both cases, the objects of the present invention cannot be exhibited. 

The above-mentioned multi-layer stretchable, shrinkable film (3) may contain one or more layers of a polyethylene 
resin between the intermediate layer and the innerest layer or the outerest layer so long as the thickness limitations 
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STSTTIS t ^ iS ' C ° ndi1i0nS th3t th9 ,hiCknesS of ,he intermediate layer accounts for at least 60 % of 
he total thickness and each thickness after stretching of the innerest teyer and the outerest layer is at least 1 urn As 

! 8 n J y ™ feS,n ^'f ° f ,0rmin9 int ° SUCh layerS ' there are exemplified, for instance, widely used linear low 
dens, ty pofyethylenes, low melting temperature ethylene-a-olefin copolymers as mentioned below, high pressure meth- 
od polyethylenes, copotymers of ethylene and propylene, ionomers, ethylene-vinyl acetate copolymers copolymers 
of ethylene and (meth)acrylic acid, and the like. pu'ymws, copolymers 

In addition to each constituting element as mentioned above, additives such as a lubricant, an agent for preventing 

shnnkable f,lm (2) and each layer of the multi-layer stretchable, shrinkable film (3), for providing each usual function 

Next, the preparation processes of the films of the present invention are explained 
^inn!,^ 68363 f °\ prep f/ in9 ,he biaxia "y s,re,ched fil ™ (D. (2) and (3), films can be obtained in a way wherein, 
Zil ™Z^T' T r6SinS aCCOrdin9 ,0 ,he r6Sin com P° sitio " and layer structure corresponding to each 
I™.?! V 7' u 8 ?^ 6XtrUded in, ° 3 Sin9le layer or a multi - |a y er . which ^ then solidified by rapidly 

Zmcl 9 ' Ve a n0n " 3tre,< ; hed fi ' m ' and subse ^ e "t'y ■» 'he case of the film (1 ), the film is stretched under known 

Znn h ? h c Stf9,Ched fi,mS (2) and (3) ' ,he film is Stretched under a s ^h that a tensi.e 

strength on stretching ,s 30 S S S 170 kg/crr* The processes are concretely explained as follows, exemplifying the 
case of forming a tubular film and stretching. H"'y«'H «"» 

Preparation process of a non-stretched film 

a J liiT 3 ? °' Dia t" y , StretChed film (1) and ,he tenable, shrinkable film (2), the resins corresponding to 
Sch r^ a l me " ed ., by hea,in9 3nd knead6d in an eXtruden and fe extruded into a f ube from a drcular die 

wh,ch,sthensoJd,f,edby rapidly cooling in the samemanner as in the conventional manner to give a non^tretched film 
In case of the mult-layer stretchable, shrinkable film (3), the resin compositions having the specific ranges 

aThTe Z ^ T "! T tt8d bV hea,,n9 and kn -* d in three ex,ruders < and - cixtrud'edTnto a 35 Z 
a three-layer circular die, and then solidified by rapidly cooling without stretching to give a non^tretched film. 

Stretching processing 

The biaxially stretched film (1) can be stretched under usual conditions. More concretely, for instance the tubular 
non-s retched film thus obtained is fed to a tubular stretching equipment as shown in Fig. 1 by which B fe expanded 
and stretched an* at the same time, biaxialfy oriented by applying a gas pressure to the inside of the tube i a em 
perature region where an effectively high degree of orientation is induced, for example, at a temperature below a 

tTZZeZT ,he , me " in9 '"k °' reSin by 1 °° C ' a ,empera,ura than the me^ng point 

eLln, T f k 9 t bS thS SamS ,0f b ° ,h maChine and ,ransverse direc «<™ In order to aiure 

excellent physical charactenstics such as strength and shrinkage, the stretching ratio is at least 2 times, preferably at 
least 2.5 times, more preferably at least 3 times in both the machine and the transverse directions 

a . tho hi T !T k T TIT!** StretChinQ eqUipment may be annealed as de ™nds, in the case of utilizing 

as the heat shnnkable film, by which films having small spontaneous shrinkage during storage can be obtained As to 
the use that the shrinkability is not required, the film is completely solidified by heating in a usual manner 

In case of the strechable, shrinkable film (2) and the mufti-layer strechable film (3), it is necessary that the strech ina 
,s conducted under the condition satisfying the tensile strength on stretching showing the equation (I) 

Equation (I) : S = Hj? 

wherein p is an internal pressure of a bubble (kg/cm*), d is an inside diameter of a bubble (cm) and t is a film thickness 

tubufcr film ?Il C HT Cre ! e K PrC<5e f 1 non - s,re,ched fi,m obtained as above, for instance, the obtained non-stretched 
Inl J S,retCh ' ng appafatUS SUCh as shown in R 9- 1 • and rt is ^^ssary that it is adjusted to a 

temperature region where a high orientation is induced, in other words, adjusted to streching conditions that 

(1) the film surface temperature at a starting point of expansion being within the range of 15° to 35'C below the 
SmedfaTe^Cr * """" °" 0339 °' mU,ti "' ayer ' the main raw material resin of the 

(2) the film in a stretching zone extending from the starting point to a finishing point of expansion having a tem- 
perature gradient such that the film surface temperature at a position of 1/4 to 1/3 the length of the stretch fng zone 

I™, IT" 9 ?T maXimUm ' and thS differenC9 b9,Ween the maximum film temperature and the film tem- 
perature at the starting point of expansion being not more than 10°C, 

(3) the temperature drop of the film from the maximum temperature position to the finishing point of expansion 
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being within the range of 15° to 20°C, and 

(4) the film being cooled so that the film surface temperature drops 30° to 50°C from the film surface temperature 
at the finishing point of expansion while traveling from 1 .0 to 1 .5 times the vertical distance of the stretching zone, 
it is necessary that the tensile strength is controlled so as to be 30 ^ S ^ 170 kg/cm 2 . 

5 

When the tensile strength S is less than 30 kg/cm 2 , the obtained film has an elastic restoration of less than 90 %, 
and is poor in restoration after shrink packaging, which is the feature of the present invention, as well as is poor in 
stability of the stretched bubble. On the other hand, when the tensile strength S is more than 170 kg/cm 2 , though the 
obtained film is excellent in heat shrinkability, it is large in tensile stress when, for instance, 50 %-elongating, thus 
10 resulting in small elongation and poor stretchability. Therefore, such a film is not suitable for the present invention 
whose object is to provide the film having shrinkability as well as stretchability. 

The stretching ratio may not be the same for both machine and transverse directions but preferably in order to 
obtain an excellent physical property balance such as excellent strength. 

It is preferable that the stretching ratio as the area ratio is from 8 to 25. 
is The film stretched and taken out from the stretching equipment, as mentioned above, may be annealed if necessary. 

Among the films prepared as above, the biaxially stretched film (1) is a uniform film having a little variation in 
thickness, and each the stretchable and shrinkable film (2) and the multi-layer stretchable and shrinkable film (3) has 
a thickness variation of less than 8 %, i.e., is uniform in thickness, has a tensile stress at 50 %-elongation of not more 
than 500 kg/cm 2 , i.e., is excellent in stretchability, has an area shrinkage at 90°C of not less than 20 %, i.e., has 
20 satisfactory performances as the shrinkable film. Furthermore, they have an elastic restoration after one minute from 
30 %-elongation of the film heat-shrinked so as to get an area shrinkage of 15 % at 90°C of not less than 90 %, and 
it is easy to restore a mark formed by pushing to the original state, that is, they are excellent biaxially stretched films. 

BRIEF EXPLANATION OF THE DRAWING 

25 

Fig. 1 is a schematic diagram showing a biaxially stretching apparatus used in Examples of the present invention. 



BEST MODE FOR CARRING OUT THE INVENTION 



The present invention is more specifically explained by means of the following Examples. 
The measurements of the physical property showing in Examples were as follows: 

(1) Area shrinkage: In case of the film (1) 

A square film, 10 cm by 10 cm, is cut, dipped in a glycerol bath having a temperature of 90°C for 10 seconds, is 
taken out from the bath and is rapidly cooled in water. The lengths (in cm) in the machine and transverse directions 
are measured, and the area shrinkage is calculated by means of the following equation. 

Area shrinkage = 1 00 - A x B 

wherein A and B represent lengths (in cm) in the machine and transverse directions, respectively, after rapidly cooling. 

(2) Heat shrinkage at 90°C 

A square film, 1 0 cm by 1 0 cm, is cut and covered with a talk powder, which is allowed to stand in an oven maintained 
at a temperature of 90°C for 15 minutes. The film is taken out and is rapidly cooled. The lengths in the machine and 
transverse directions are measured and the heat shrinkage is calculated by means of the following equation: 

Heat shrinkage at 90°C = 1 00 - A x B (%) 
where A and B represent the lengths (in cm) in the machine and transverse directions, respectively, after rapidly cooling. 

(3) Thickness variation 

Using a continuously contact type electronic micrometer (made by Anritsu Denki Kabushiki Kaisha, K 306 C Type), 
a chart is obtained by measuring in circumferential direction of a tube in a full-scale of 8 um From the chart, the 
maximum (Tmax), the minimum (Tmin) and the average (T) are determined and the thickness variation is calculated 
by the following equation: 

Thickness variation = Tmax T Tmin x 100 
wherein T is an arithmetical average of values readed from the charts corresponding to 1 0 mm intervals of the measured 
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film. 

(4) Elastic restoration after 15 %-shrinkage 

y JTi?hlX in t a H W °° den ,ram ! in a uni,ormly looseness s,a,e 80 as to become the fi,m ' s area shrinka 9« <* is 
outffrom ttl Sen " " ^ 9 3 ,emperatUre of ^ un,il ,he looseness °" *e film disappears to take 

Specimens are cut out parallel to MD and TD of the film in a width of 1 5 mm and a length of 200 mm respectively 
and two lines are marked on the each specimen with the space of 1 00 mm. The specimen is attached to a ensHe tester 
space between chucks of 1 50 mm) so that the two marked lines are set between the chucks, and is elongated by 30 
LI nlT ,k . m m ' n - retUm6d t0 ,hS ° ri9inal len9,h at the same tensile ra,e - above The film is 
and the restoration of the film is calculated according to the following equation: 

Elastic restoration after 15 %-shrinkage = 130 ^' C x 100 (%) 

Tm™l° " 3 ' en9,h betWee " t ""° mark6d " neS (mm) in ,he maChine and ,ranSVerse directions " respectively, after 

(5) Figure of finished package 

im 11° ° r , ange h S 8 diam9,er ° f ab ° Ut 5 Cm are put ™ a ,ra y made of a foamed Polystyrene, having a width of 

SIS 1 ^ h 9 ™f' ne Pr ° V ' ded WHh 3 P ' a,e heater for sealin 9 and a tunnel for drinking. The results of the 
test are estimated according to the following criteria: 

There is no trouble in the automatic packaging machine and the fine, tightly-fitted package can be obtained 
without creases and looseness on the film. ooiainea 

efoZ^enTss^ 

L^h™! 8 ^! 8 in th ? au * omatic P acka 9 ina ma chine such that it is difficult to release the film from a film-roll, 
or though there ,s no trouble ,n the machine, the sealing joint of the obtained packaged object is bad or the 
packaged object has wholly creases or looseness on the film. °aaorine 

(6) Heat sealability 

siven^ VSTiSK T (5) ' ^ " m " Seal9d Wi,h P ' a,e hea,9f haVin9 3 temperature " 90 ° C - ™° 

The seal portion sufficiently melt-adheres so that if the portion is drawn apart by force it is broken 
There remains parts which can peel off without breaking on the seal portion. 

(7) Restoration after packaging 

„«H A in r % W ^ a t P ' h ° f 12 mm haVinQ "° COn,ent is packa9ed b V usina the same aromatic packaging machine as ' 

^ae r ( u ir th er r "T C h ° n h di,i r 38 in ,eSl (3) The Cen,ef Part ° f the film of the Packaged object is pushed wrth 

f. ° f *' Uay ^ fin9er iS rel8aSed ' r0m the film - Tha li ™ fo" 
returning the film to the former state is measured. The estimations are as follows: 

O: Within 10 seconds 
A : Within 1 minute 

x : There remain the finger mark on the film for more than 1 minute, orthe film cannot be returned to the former state. 

(8) Antifogging property 

After 80 me of water having a temperature of 60°C is poured into a 100 m€ beaker, the opening of the beaker is 



O: 
A: 
x : 



O: 
x : 
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O : Not entirely clouded. 

A : Although water droplets adhere partly to the film, the inside of the beaker can be seen through the film, 
x : The film is clouded on the whole and the inside of the beaker cannot be seen through the film. 

s (9) Thickness of each layer 

As to the thickness of each layer of the multi-layer film, the cross section of the film is observed by a microscope 
and it is read therefrom. 

10 Example 1 

A linear low density polyethylene resin composed of a terpolymer of ethylene and as comonomers 4-methyl pen- 
tene-1 and butene-1 , having a total branching coefficient of 2.1 , a density of 0.916 g/cm 3 at 25°C and a melt index of 
1 .2 g/10 min, and indicating a melting point (Tmb) of the raw material resin of 124°C, a melting point (Tma) after rapidly 

15 cooling of 1 1 9°C and an endothermic area ratio of the main peak part (Tma ± 5°C) to the total endothermic area in the 
melting curve after rapidly cooling of 22 % was melted and kneaded at 170°C to 230°C and the melt was extruded 
from a circular die maintained at 230°C. The molten tubular film thus extruded was cooled while the film was guided 
over the outer surface of a cylindrical mandrel for cooling wherein cooling water is circulated, with the exterior surface 
of the film being passed through a water bath, to thereby give a tubular unstretched film with a diameter of about 75 

20 mm and a thickness of 325 um This tubular unstretched film was guided to the biaxial stretching device illustrated in 
Fig. 1 , where the film was expanded and stretched at a temperature of 95° to 105°C in a stretching ratio of 4 in each 
of the machine and transverse directions to give a biaxially stretched film. The thus stretched film was treated in a 
tubular annealing apparatus for 10 seconds with a hot air blast at 75°C and then, cooled to room temperature. The 
film was collapsed and wounded up. 

25 The stability on stretching was excellent, there were no vertical motion of the stretching point and no sway of the 

stretched tube. Also, the ununiformly stretching state such as necking was not observed. 

The obtained stretched film had a thickness of 20.8 pirn, a thickness variation of 5 %, and an area shrinkage of 33 
% at 90°C. Also, the melting point of the raw material resin was 124°C. 

A confectionary box having a width of 12 cm, a length of 18 cm and a heighth of 3 cm was packaged with this film 

30 by using a commercially available automatic packaging machine under conditions that a packaging rate was 20 piec- 
es/min, a temperature of a tunnel for shrinking was 1 00°C, and a time required to pass through the tunnel for shrinking 
was 3 sec. There was no troubleness in the automatic packaging machine and the tightly-fitted package were obtained. 

Example 2 

35 

A linear low density polyethylene resin composed of a copolymer of ethylene and as a comonomer butene-1, 
having a branching coefficient of 3.3, a density of 0.900 g/cm 3 at 25°C and a melt index of 0.4 g/10 min., and indicating 
a melting point (Tmb) of the raw material resin of 123*0, a melting point (Tma) after rapidly cooling of 117°C and an 
endothermic area ratio of the main peak part (Tma ± 5°C) to the total endothermic area in the melting curve after rapidly 
40 cooling of 25 % was melted and kneaded at 160° to 220°C and the melt was extruded from a circular die maintained 
at 220°C, in the same manner as in Example 1 . The formed tube was cooled while the tube was guided over the outer 
surface of a cylindrical mandrel for cooling wherein cooling water is circulated, with the exterior surface of the tube 
being passed through a water bath, to thereby give a tubular unstretched film with a diameter of about 73 mm and a 
thickness of 220 um 

45 This tubular unstretched film was fed to the biaxial stretching device illustrated in Fig. 1 as the material film, where 

the film was expanded and stretched at a temperature of 90° to 100° C in a stretching ratio of 4.2 in the machine direction 
and a stretching ratio of 3.8 in the transverse direction. The thus stretched film was treated in a tubular annealing 
apparatus for 10 seconds with a hot air blast at 75°C and then, cooled to room temperature. The film was collapsed 
and wounded up. 

50 The stability on stretching was excellent, and there were no vertical motion of the stretching point and no sway of 

the stretched tube. Also, the ununiformly stretching state such as necking was not observed. 

The obtained stretched film had a thickness of 1 5.3 u.m, a thickness variation of 6 %, and an area shrinkage of 48 
% at 90°C. 

A confectionary box having a width of 12 cm, a length of 18 cm and a heighth of 3 cm was packaged with this film 
55 in the same manner as in Example 1 by using the commercially available automatic packaging machine under condi- 
tions that the packaging rate was 20 pieces/min, the temperature of the tunnel for shrinking was 100°C, and the passing 
time through the tunnel for shrinking was 3 seconds. There was no troubleness in the automatic packaging machine 
and the tightly-fitted package was obtained. 
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Example 3 

A resin mixture of a linear low density polyethylene resin composed of a terpolymer of ethylene and as comonomers 
4-methyl pentene-1 and butene-1 , having a total branching coefficent of 2.1, a density of 0.916 g/cm 3 at 25°C and a 
melt index of 1.2 g/10 min, and indicating a melting point (Tmb) of the raw material resin of 124°C, a melting point 
(Tma) after rapidly cooling of 119°C and the endothermic area ratio of the main peak part (Tma ± 5°C) to the total 
endothermic area in the melting curve after rapidly cooling of 22 % and a linear low density polyethylene composed 
of a copolymer of ethylene and butene-1 , having a branching coefficient of 1 .0, a density of 0.920 g/cm 3 at 25° C and 
a melt index of 1.0 g/10 min, and indicating a melting point of the raw material resin of 126°C, a melting point after 
rapidly cooling of 126°C and a main peak after rapidly cooling outside the range of 118 ± 5°C in a mixing ratio of 60/40 
was melted, kneaded and extruded in the same manner as in Example 1 to give an unstretched film. The stretching 
was conducted in the same manner as in Example 1 . During stretching, there were no vertical motion of the stretching 
point and no sway of the tube and the stability was excellent. Also, the ununiformly stretching state was not observed. 

The obtained stretched film had a thickness of 21 .2 u.m, a thickness variation of 7 %, and an area shrinkage of 28 
% at 90°C. 

Using this film, five B5 size notes were packaged under conditions that a packaging rate was 5 pieces/min. (5 
volumes/piece), a temperature of a tunnel for shrinking was 1 1 0°C, and a passing time through the tunnel for shrinking 
was 2.4 seconds. The fine package was obtained in spite of a short packaging time. 

Comparative Example 1 

A linear low density polyethylene resin composed of a copolymer of ethylene and as a comonomer 4-methyl pen- 
tene-1, having a branching coefficient of 2.7, a density of 0.920 g/cm 3 at 25°C and a melt index of 2.0 g/10 min, and 
indicating a melting point (Tmb) of the raw material resin of 127°C, a melting point (Tma) after rapidly cooling of 126°C, 
that is, Tma being outside the range of 1 18 ± 5°C was melted, kneaded and extruded in the same manner as in Example 
1 to give an unstretched film. 

The unstretched film was stretched at a stretching temperature of 1 00° to 1 05°C, then the annealing was conducted 
in the same manner as in Example 1 , and the film was collapsed and wounded up. 

During stretching, the tube swayed and the necking phenomenon was observed at the stretching part. When, in 
order to improve such an unstable stretching, the stretching temperature was dropped down to 95° to 100°C, the 
necking became severe at the stretching part, the ununiformity of stretched film became further severe. On the other 
hand, when, in order to prevent the necking, the stretching temperature was raised to 105 to 110, the vertical motion 
and the sway on the stretched tube became severe, and the stability was poor. 

The stretched film obtained under the first conditions that the stretching temperature is 100° to 105°C had a thick- 
ness of 21 .3 urn, a thickness variation of 16 %, and an area shrinkage of 22 % at 90° C. 

The film was inferior in plateness, accordingly when the packaging was conducted in the same manner as in 
Example 1 , the packaging could not smoothly proceed, and the film was not suitable for use in the automatic packaging. 

Comparative Example 2 

A linear low density polyethylene resin composed of a copolymer of ethylene and as a comonomer octene-1, 
having a branching coefficient of 1 .0, a density of 0.920 g/cm 3 at 25°C and a melt index of 1 .0 g/10 min, and indicating 
a melting point (Tmb) of the raw material resin of 126°C, a melting point (Tma) after rapidly cooling of 125°C, that is, 
Tma being outside the range of 118 ± 5°C was melted, kneaded and extruded in the same manner as in Example 2 
to give an unstretched film. The unstretched film was stretched at a stretching temperature of 103° to 108°C, and the 
annealing was conducted in the same manner as in Example 1 , then was collapsed and wounded up. 

During stretching, the tube greatly swayed and the necking phenomenon was remarkably caused at the stretching 
part. When, in order to inhibit the necking, the stretching temperature was raised to 108° to 113°C, the sway of the 
stretched tube was so severe that the stable state could not be obtained. 

The stretched film obtained by stretching under the first conditions that the stretching temperature is 103° to 108°C 
had a thickness of 15.8 urn, a thickness variation of 13 %, and an area shrinkage of 24 % at 90°C. 

The film was inferior in plateness. When the packaging was conducted by using the shrink automatic packaging 
machine under the same conditions as in Example 1, the obtained package had an ununiformity in shrinkage and the 
tightly-fitted package was hot obtained. 

Example 4 

A composition wherein 1 .0 part by weight of a surfactant composition comprising polyethylene glycol oleate, oleyl 
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diethanol amine and sorbitane trioleate was added to a composition of 70 % by weight of a linear low density polyeth- 
ylene having properties shown in Table 1 , composed of a terpolymer of ethylene and as comonomers 4-methyl pentene- 
1 and butene-1 and 30 % by weight of a low melting point polyethylene having properties shown in Table 1 and having 
a melting point of 74. 1 °C was melted and kneaded at 1 70° to 240°C and the melt was extruded in a downward direction 

5 from a slit of a circular die maintained at 240°C. The slit diameter of the circular die was 75 mm and the slit gap was 
0.8 mm. The molten tubular film thus extruded was cooled with water while the film was guided over the outer surface 
of a cylindrical mandrel having an outer diameter of 66 mm as disposed just below the die and internally supplied with 
circulating cooling water at 20°C, with the exterior surface of the film being passed through a water bath, then cooled 
down at room temperature and drawn, to thereby give a tubular unstretched film with a diameter of about 65 mm and 

10 a thickness of 240 um 

This tubular unstretched film was guided as the material film to the tubular biaxial stretching device (A) illustrated 
in Fig. 1, where the film was expanded and stretched. The voltage and current of the circular infrared heaters of the 
preheater 4 were adjusted so that the film temperature at the exit of the preheater was controlled. The eight circular 
infrared heaters of the main heater 5 were grouped in 4 sections and the voltage and current of each section were 

J5 adjusted, whereby the film was heated. While an air stream was supplied along the tube from a downward direction 
of the main heater, a pressurized air was blown into the tubular film between low-speed nip rolls 2 and high-speed nip 
rolls 3. The pressure of the pressurized air and the relative peripheral speeds of the low-speed and high-speed nip 
rolls 2 and 3 were controlled so as to effect tubular stretching in a stretching ratio of 5.0 in the machine direction and 
in a stretching ratio of 4.0 in the transverse direction (an area stretching ratio: 20). Also, an air pressure (inner pressure 

20 of the tube) on stretching was adjusted so as to be a tensile strength of 70 kg/cm 2 by controlling the voltage and current 
of the circular infrared heaters of the preheater and the main heater, further the air quantity and the air temperature of 
the cooling air ring 6. 

The stability on stretching was excellent and there were no vertical motion at the stretching point and no sway on 
the stretched tube, and also there was not observed the ununiformly stretching state such as necking. 
25 The obtained stretched film was excellent in transparency, stretchability and heat shrinkability, as shown in Table 1 . 

Using the above film, the packaging test was conducted. The film was smoothly drawn out from the roll, was not 
slipped off from the film clip, the film was finery collapsed on tray packaging, and the packaging was stably conducted. 
Also, the heat sealing by 90°C-plate heater was smoothly conducted and the seal portion sufficiently adhered. 

Further, the figure of finished package had no crease and no looseness, and was fine. As to the restoration after 
30 packaging, the film was returned to the formar state during 2 to 3 seconds without remaining the finger mark. 

The raw material preparations, the stretching conditions, the film properties after stretching and the results obtained 
in each test are shown together in Table 1 . 

Example 5 

35 

A stretched film was prepared in the similar manner as in Example 4 except that a linear low density polyethylene 
composed of a copolymer of ethylene and as a comonomer butene-1 was used instead of the linear low density pol- 
yethylene used in Example 4, as shown in Table 1 . 

The raw material preparations, the stretching conditions, the stretched film properties and the results of the physical 
40 property tests are shown together in an Example 5 column of Table 1 . 

Comparative Example 3 

The stretching was conducted under the same conditions as in Example 4 except that as the linear low density 
45 polyethylene, a linear low density polyethylene indicating a melting curve after rapidly cooling wherein a main peak 
temperature, Tma was 1 26°C, that is, Tma being outside the range of 118 ±5°C and indicating a temperature difference 
between Tma and the main peak temperature in the melting curve after gradually cooling, Tmb, Tma-Tmb of 0°C was 
used. However, the stability was bad during stretching, so that it was repeated that the stretched bubble greately 
swayed and came into contact with the infrared heater to blow out, thus the stretched film could not be obtained. 

50 

Example 6 and Comparative Examples 4 and 5 

A stretched film was prepared in the same manner as in Example 4 except that a mixing ratio of the linear low 
density polyethylene to the low melting point polyethylene copolymer was changed to 85/1 5 (Example 6), 92/8 (Com- 
55 parative Example 4) or 55/45 (Comparative Example 5), the ratio being % by weight, as shown in Table 1. 

As to Example 6, the behavior of stretching and the properties of the obtained stretched film were not problematic, 
alike Examples 4 and 5, the excellent figure of finished package and heat sealability were shown, and the restoration 
after packaging was excellent. 
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However, as to Comparatives Examples 4 and 5, though the behavior of stretching was not particularly problematic 
in both cases, the obtained stretched film was inferior in heat seatability at low temperature and poor in stretchability 
and upon conducting the packaging test, the film was frequently slipped off from the holding clip, and even if the film 
was not slipped off, there was a problem that the heat sealability of the overlapping part of the film at the tray bottom 
was insatisfactory to peel off. 

Also, though the film obtained in Comparative Example 3 was good in heat sealability at low temperature and 
stretchability, there were problems that the slipping property in the automatic packaging machine was bad and th figure 
of finished package was bad at the tray bottom. 

Example 7 and Comparative Example 6 

A stretched film was prepared in the same manner as in Example 4 except that the surfactant composition used 
in Example 3 was added to 1 00 parts by weight of the mixture of the linear low density polyethylene and the low melting 
point polyethylene copolymer used in Example 4 in an amount of 2.5 parts by weight (Example 7) or 3.5 parts by weight 
(Comparative Example 6). 

The stretched film obtained in Example 7 was excellent in stretchability, heat shrinkability, figure of finished package 
and heat sealability. Although the stretched film obtained in Comparative Example 6 was excellent in antifogging prop- 
erty, slipping property in automatic packaging machine and film-collapsing property on tray packaging, there was a 
defect that the heat sealability by plate heater was poor, so it is easy to generate the insufficiently sealed parts of the 
film at the tray bottom. 

Example 8 and Comparative Example 7 

A stretched film was prepared in the same conditions as in Example 4 except that the tensile strength on stretching 
as defined in Example 4 was changed to 150 kg/cm 2 (Example 8) or 200 kg/cm 2 (Comparative Example 7). 

Although the stretched film obtained in Example 8 was slightly higher in tensile stress at 50 %-elongation than the 
film obtained in Example 4, the results of the packaging test were that the film was not slipped off from the clip and the 
tray was not deformed, that is, the automatic packaging suitability is good, and the figure of finished package was fine. 
The stretched film obtained in Comparative Example 7 wherein the tensile strength on stretching was more than 170 
kg/cm 2 was high in tensile stress on elongation of the film and was low in elongation. When the packaging test was 
conducted by using the automatic packaging machine with this film, there were generated troubles such that the film 
was slipped off from the clip and if packaging was conducted by force, the deformation of the tray was caused. Also, 
the heat sealability was poor and the figure of finished package was bad. 

Example 9 

A composition of 90 % by weight of a lowered melting point polyethylene in rapidly cooling having characteristics 
shown in Table 2 and 10 % by weight of a low melting point polyethylene copolymer as the intermediate layer, and a 
composition wherein 0.25 part by weight of polyethylene glycol oleate, 0.40 part by weight of oleyl diethanol amine 
and 0.35 part by weight of sorbitane trioleate was added to 100 parts by weight of a composition of 50 % by weight of 
a linear low density polyethylene composed of a terpolymer of ethylene and as comonomers 4-methyl pentene-1 and 
butene-1 having characteristics as shown in Table 2 and 50 % by weight of a low melting point polyethylene copolymer 
having characteristics as shown in Table 2 were melted and kneaded at 170° to 240°C in three extruders (for the 
innerest layer, for the intermediate layer, for the outerest layer) so that from the latter composition was formed the 
innerest and outerest layer, and extruded in a downward direction from a slit of a three-layer circular die maintained 
at 240°C, controlling the output rate from each extruder according to the predetermined thickness ratio as shown in 
Table 2. The slit diameter of the circular die was 75 mm and the slit gap was 0.8 mm. The molten tubular three-layer 
film thus extruded was cooled while the film was guided over the outer surface of a cylindrical mandrel having an outer 
diameter of 76 mm as disposed just below the die and internally supplied with circulating cooling water at 20°C, with 
the exterior surface of the film being passed through a water bath, cooled down at room temperature and drawn to 
thereby give a tubular unstretched film with a diameter of about 75 mm and a thickness of 240 um 

This unstretched film was guided to the tubular biaxial stretching device illustrated in Fig. 1, where the film was 
expanded and stretched. The voltage and current of the circular infrared heaters of the preheater 4 were adjusted to 
control the film temperature at the exit of the preheater. The eight circular infrared heaters of the main heater 5 were 
grouped in 4 sections and the voltage and current of each section were adjusted to heat the film. While an air stream 
was supplied along the outer surface of the tube from a downward direction of the main heater, a pressurized air was 
blown into the tubular film between low-speed nip rolls 2 and high-speed nip rolls 3. The pressure of the pressurized 
air and the relative peripheral speeds of the low-speed and high-speed nip rolls 2 and 3 were controlled so as to effect 
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tubular stretching in a stretching ratio of 5.0 in the machine direction and in a stretching ratio of 4.0 in the transverse 
direction (an area stretching ratio: 20). Also, an air pressure (inner pressure of the tube) was adjusted so as to be a 
tensile strength of 70 kg/cm 2 by controlling the voltage and current of the circular infrared heaters of the preheater and 
the main heater, futher the air quantity and the air temperature of the cooling air ring 6. 

5 The stability on stretching was excellent and there were no vertical motion at the stretching point and no sway on 

the stretched tube, and also there was not observed the ununiformly stretching state such as necking. 

The obtained stretched film was excellent in transparency, stretchability, heat shrinkability, elastic restoration and 
heat sealability as shown in Table 2. Using this film, the packaging test was conducted by using the automatic packaging 
machine. The film was smoothly drawn out from the roll, it was not slipped off from the film clip, it was finely collapsed 

10 on tray-packaging, and the packaging was stably conducted. Also, the heat sealing by 90°C-plate heater was smoothly 
conducted and the seal portion sufficiently adhered. 

Further, the shrinkage in the tunnel part was excellent, and the figure of finished package had no crease and no 
looseness and was fine. As to the restoration after packaging, the film was returned to the forrnar state during 2 to 3 
seconds without remaining the finger mark. 

is The raw material preparations, the stretching conditions, the stretched film characteristics and the results obtained 

in each test are shown together in Table 2. 

Examples 10 to 12 

20 a strechable, shrinkable laminated film was prepared in the same manner as in Example 9 except that resins 

forming into the intermediate layer and the innerest and outerest layers, the mixing ratio of the surfactant composition, 
the thickness percentage of each layer and the tensile strength on stretching were changed to values shown in Table 2. 

The obtained films were estimated in the same manner as in Example 9. All of the films were excellent in trans- 
parency, stretchability, heat-shrinkability, elastic restoration and heat sealability. Also, the packaging suitability to au- 
25 tomatic packaging machine was excellent, and the figure of finished package was fine. 

Also, the results and estimations in each test are shown together in Table 2, alike the case of Example 9. 

Comparative Example 8 

30 Using a composition of 90 % by weight of a linear low density polyethylene indicating the melting curve after rapidly 

cooling wherein a main peak temperature (Tma) was 126°C, that is, Tma being outside the range of 118 ± 5°C, and 
a temperature difference between Tma and a main peak temperature in the melting curve after gradually cooling, Tmb, 
Tma-Tmb of 0°C, and 10 % by weight of the low melting point polyethylene copolymer as the intermediate layer, as 
shown in Table 2, and the same composition as used in the inner and outer layers of Example 9 as the inner and outer 

35 layers, the extruding was conducted, and the film was rapidly cooled and drawn in the same manner as in Example 1 
to give an unstretched laiminated film with a diameter of about 75 mm and a thickness of 240 urn 

Then, in the same manner as in Example 9, the tubular unstretched film was fed to the tubular biaxial stretching 
device, where the film was expanded and stretched in a stretching ratio of 5.0 in the machine direction and in a stretching 
ratio of 4.0 in the transverse direction (area stretching ratio: 20), while controlling the tensile strength to low value such 

40 as 70 kg/cm 2 . 

However, the stability during stretching was poor, so that it was repeated that the stretched bubble greatly swayed 
and came into contact with the infrared heaters to blow out, thus the stretched film could not be obtained. 

Comparative Example 9 

45 

Using the same resins as used in Example 9 as the intermediate layer and the inner and outer layers, the film 
formation by the extrusion and the tubular biaxial stretching were conducted under the same conditions as in Example 
9 except that the thickness of the intermediate layer accounted for 50 % of the total thickness, as shown in Table 2. 
However, the stability on stretching was poor, the bubble was greatly swayed and the uniformly stretched film could 
50 not be continuously obtained. 

Comparative Examples 10 and 11 

Using the same composition as used in Example 9 as the intermediate layer, a stretchable, shrinkable laminated 
55 film was prepared in the same manner as in Example 9 except that as to the inner and outer layers, a mixing percentage 
of the low melting point polyethylene copolymer was 1 0 % by weight in Comparative Example 1 0 or a mixing percentage 
of the low melting point polyethylene copolymer was 70 % by weight in Comparative Example 4. 

In each Comparative Example 10 and 11 , the stretching could be conducted without causing particular trouble in 
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the stretching step. The obtained film in Comparative Example 10 was, however, poor in heat sealability at low tem- 
perature, and in the packaging test by the automatic packaging machine, the seal portion of the film at the tray bottom 
by the plate heater was unsatisfactory, so there remained portions where the seal parts easily peeled off. Also, though 
the film of Comparative Example 4 was excellent in heat-sealability at low temperature, in the packaging test by the 
automatic packaging machine, the reusability was poor when drawing out the film from the film roll, so the film was 
unsuitably drawn out at the film supplying part or the slipping property in the automatic packaging machine was bad 
and the packaging test could not smoothly conducted. 

Comparative Example 12 

A strechable, shrinkable laminated film was prepared by using the same resin compositions as used in the inner 
and outer layers of Example 9 except that the surfactant composition was changed to a composition shown in Table 
2 and by stretching at a tensile strength S of 200 kg/cm 2 on expansion and stretching, as shown in Table 2. 

When the obtained film was elongated, the tensile stress at 50 %-elongation was high and elongation was low. 
Accordingly, the packaging test was conducted by using the automatic packaging test with this film, the film was slipped 
of from the film clip of the bag-making part, that is, the stable packaging could not be continued. Also, on the tray 
packaging, troubles such as deformation of the tray were caused, so the figure of finished package was unsatisfactory. 

Comparative Example 1 3 

A shrinkable, stretchable laminated film was prepared in the same manner as in Example 9 except that the kinds 
and amounts of the surfactants added to the inner and outer layers were changed to 2.1 parts by weight, based on 
1 00 parts by weight of the resin, of diglycerol oleate and 1 .4 parts by weight of sorbitane trioleate. 

Although the obtained stretchable, shrinkable film was excellent in antifogging property, slipping property in auto- 
matic packaging machine, film-collapsing property on tray packaging, the heat sealability by plate heater was bad and 
there was a defect that it was easy to cause a poor sealing of the film at the tray bottom. 

INDUSTRIAL APPLICABILITY 

Since the biaxially stretched polyethylene film of the present invention is prepared by using the linear low density 
polyethylene showing a specific heat behavior, even if stretching under the known stretching conditions, the film having 
a little variation in thickness, excellent suitability for packaging machine and printability can be obtained. Particularly, 
the films obtained by stretching the non-stretched film prepared from the composition wherein the low melting point 
polyethylene copolymer and the surfactants are admixed with the linear low density polyethylene, or the non-stretched 
film wherein the intermediate layer is prepared from mainly the specific linear low density polyethylene and the innerest 
and outerest layers are prepared from the composition wherein the specific low temperature ethylene-a-olefin copol- 
ymer and the specific surfactants were admixed with the polyethylene resin under the specific conditions such that the 
tensile strength S is 30 ^ S ^ 170 kg/cm 2 to cause orientation to give the strechable, shrinkable polyethylene film 
which is excellent in transparency, stretchability, heat shrinkability, heat sealability and restoration after packaging, and 
is suitable for use in automatic packaging machine can be obtained. 
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Claims 



I. A biaxially stretched polyethylene film comprising, as a main component, a linear low density polyethylene (A) 
having a density of 0.890 to 0.930 g/c m 3 and a melt flow index of 0.1 to 10 g/10 minutes, and showing, in meas- 
urement of a melting point by a differential scanning calorimeter, a main peak temperature (Tma) within the range 
of 118 ± 5°C in a melting curve obtained when after a temperature of the polyethylene is kept at 1 90°C for 30 
minutes, the temperature is dropped down to 20°C at a cooling rate of 100=C/minute and subsequently raised at 
a heating rate of 10°C /minute, and showing a temperature difference between Tma and Tmb of at least 3°C 
wherein Tmb is a mam peak temperature in a melting curve obtained when after the temperature of the polyethylene 
is kept at 190°C for 30 minutes, the temperature is dropped down to 20°C at a cooling rate of 10°C /minute and 
subsequently raised at a heating rate of 1 0°C /minute. ~ ' 

l. A biaxially stretched polyethylene film which is formed from a composition comprising, as main components 100 
puts by weight of the sum of 90 to 60 % by weight of a linear low density polyethylene (A) and 10 to 40 % by weight 
of an ethylene-a-olefin copolymer (B) and 0.5 to 3.0 parts by weight of a surfactant composition (D) wherein: 

said linear low density polyethylene (A) has a density of 0.890 to 0.930 g/cm3 and a melt flow index of 0 1 to 
1 0 g/1 0 minutes, and shows, in measurement of a melting point by a differential scanning calorimeter a main 
peak temperature (Tma) within the range of 118° ±5»C in a melting curve obtained when after a temperature 
of the polyethylene is kept at 190»C for 30 minutes, the temperature is dropped down to 20°C at a cooling 
rate of 100°C/m.nute and subsequently raised at a heating rate of 10°C /minute, and shows a temperature 
difference between Tma and Tmb of at least 3»C wherein Tmb is a main peak temperature in a melting curve 
obtained when after the temperature of the polyethylene is kept at 190°C for 30 minutes, the temperature is 
dropped down to 20°C at a cooling rate of 10«C/minute and subsequently raised at a heating rate of 10°C 
/minute; 

said ethylene-a-olefin copolymer (B) has a density of 0.870 to 0.900 g/cmS a melt index of 0 1 to 20 q/10 
minutes and a melting point according to DSC of 50° to 1 00°C; and 

said surfactant composition (D) comprises at least one surfactant selected from the group consisting of glycerol 
fatty acid esters, polyglycerol fatty acid esters, sorbitan fatty acid esters, polyethylene glycol fatty acid esters 
alkyl diethanol amines, polyoxyethylene alkyl amines and polyoxyethylene alkyl ethers. 

A biaxially stretched polyethylene film which comprises: 

an intermediate layer formed from a composition comprising a linear low density polyethylene (A) as a main 
component, and an innermost layer and an outermost layer formed from a composition comprising, as main 
components, 100 parts by weight of the sum of 20 to 60 % by weight of an ethylene-a-olefin copolymer (B) 
and 80 to 40 % by weight of a linear low density polyethylene (C) and 0.5 to 3.0 parts by weight of a surfactant 
composition (D); 

the thickness of the intermediate layer accounting for at least 60 % of all layers and the thickness of the 
innermost layer and the outermost layer being at least 1 urn, respectively wherein- 
said linear low density polyethylene (A) has a density of 0.890 to 0.930 g/c m 3 and a melt flow index of 0 1 to 
1 0 g/1 0 minutes, and shows, in measurement of a melting point by a differential scanning calorimeter a main 
peak temperature (Tma) within the range of 1 1 8= ± 5°C in a melting curve obtained when after a temperature 
of the polyethylene is kept at 190°C for 30 minutes, the temperature is dropped down to 20°C at a cooling 
rate of 100°C/mmute and subsequently raised at a heating rate of 10°C /minute and shows a temperature 
difference between Tma and Tmb of at least 3°C wherein Tmb is a main peak temperature in a melting curve 
obtamed when after the temperature of the polyethylene is kept at 190°C for 30 minutes, the temperature is 
dropped down to 20°C at a cooling rate of 10°C/minute and subsequently raised at a heating rate of 10°C 
/minute; 

said ethylene-a-olefin copolymer (B) has a density of 0.870 to 0.900 g/cm3, a melt index of 0 1 to 20 q/10 
minutes and a melting point according to DSC of 50° to 100°C; 

said linear low density polyethylene (C) has a density of 0.890 to 0.930 g/cm3 and a melt flow index of 0 1 to 
10 g/10 minutes; and 

said surfactant composition (D) comprises at least one surfactant selected from the group consisting of glycerol 
fatty acid esters, polyglycerol fatty acid esters, sorbitan fatty acid esters, polyethylene glycol fatty acid esters 
alkyl diethanol amines, polyoxyethylene alkyl amines and polyoxyethylene alkyl ethers. 

The biaxially stretched polyethylene film of Claim 2 or 3, wherein said surfactant composition (D) is at least one 
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10 



surfactant selected from the group consisting of polyglycerol fatty acid esters, sorbitan fatty acid esters, polyeth- 
ylene glycol fatty acid esters and alkyl diethanol amines. 

5. The biaxially stretched polyethylene film of Claim 1 , 2 or 3, wherein the endothermic area within the range of Tma 
± 5°C is at least 15 % of the total endothermic area. 

6. The biaxially stretched polyethylene film of Claim 1 , 2 or 3 having a thickness variation of less than 8 %. 

7. The biaxially stretched polyethylene film of Claim 1 , 2 or 3 having an area shrinkage of at least 20 % at 90°C. 

8. The biaxially stretched polyethylene film of Claim 2 or 3 having a tensile stress at 50 %-elongation of not more 
than 500 kg/cm 2 . 

9. The biaxially stretched polyethylene film of Claim 2 or 3 having elastic restorations after 1 minute from 30 %- 
15 elongation in the machine direction and the transverse direction of the film heat-shrinked in an area shrinkage of 

15 % at 90°C of at least 90 % respectively 

10. A process for preparing a biaxially stretched polyethylene film of a composition comprising a linear low density 
polyethylene (A) as a main component, the process comprising melt-extruding and solidifying the composition by 

20 rapidly cooling to produce a non-stretched film, and stretching the non-stretched film in a temperature region where 

an orientation can be induced by stretching, under conditions such that a tensile strength represented by formula 
(1)is30^S^ 170 kg/cm 2 ; 

Formula (1): S = ^ 

25 wherein p is an internal pressure of a bubble (kg/cm 2 ), d is an inside diameter of a bubble (cm) and t is a film 

thickness (cm); and wherein: 

said linear low density polyethylene (A) having a density of 0.890 to 0.930 g/cm 3 and a melt flow index of 
0.1 to 10 g/10 minutes, and showing, in measurement of a melting point by a differential scanning calorimeter, a 
main peak temperature (Tma) within the range of 1 1 8° ± 5°C in a melting curve obtained when after a temperature 

30 of the polyethylene is kept at 190°C for 30 minutes, the temperature is dropped down to 20'C at a cooling rate of 

100°C /minute and subsequently raised at a heating rate of 10°C /minute, and showing a temperature difference 
between Tma and Tmb of at least 3°C wherein Tmb is a main peak temperature in a melting curve obtained when 
after the temperature of the polyethylene is kept at 190°C for 30 minutes, the temperature is dropped down to 
20°C at a cooling rate of 10°C/minute and subsequently raised at a heating rate of 10°C /minute. 

35 

11. A process for preparing a biaxially stretched polyethylene film of a composition comprising, as main components, 
100 parts by weight of the sum of 90 to 60 % by weight of a linear low density polyethylene (A) and 10 to 40 % by 
weight of an ethylene-a-olefin copolymer (B), and 0.5 to 3.0 parts by weight of surfactant composition (D); the 
process comprising melt-extruding and solidifying the composition by rapidly cooling to produce a non-stretched 

^0 film, and stretching the non-stretched film in a temperature region where an orientation can be induced by stretch- 

ing, under conditions such that a tensile strength represented by formula (1) is 30 ^ S ^ 170 kg/cm 2 ; 

Formula (1): S = ^ 

wherein p is an internal pressure of a bubble (kg/cm 2 ), d is an inside diameter of a bubble (cm) and t is a film 
45 thickness (cm); and wherein: 

said linear low density polyethylene (A) has a density of 0.890 to 0.930 g/cm 3 and a melt flow index of 0.1 to 
10 g/10 minutes, and shows, in measurement of a melting point by a differential scanning calorimeter, a main 
peak temperature (Tma) within the range of 118 ± 5°C in a melting curve obtained when after a temperature 

50 of the polyethylene is kept at 190°C for 30 minutes, the temperature is dropped down to 20°C at a cooling 

rate of 100°C/minute and subsequently raised at a heating rate of 10°C /minute, and shows a temperature 
difference between Tma and Tmb of at least 3°C wherein Tmb is a main peak temperature in a melting curve 
obtained when after the temperature of the polyethylene is kept at 190°C for 30 minutes, the temperature is 
dropped down to 20°C at a cooling rate of 10°C/minute and subsequently raised at a heating rate of 10°C 

55 /minute; 

said ethylene-a-olefin copolymer (B) has a density of 0.870 to 0.900 g/cm 3 , a melt index of 0.1 to 20 g/10 
minutes and a melting point according to DSC of 50° to 100°C; and 
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C ° m P°f ion <?> com P rises at ^st onesurfactantselectedfromthegroupconsistingofglycerol 

SSSIS?^ IT 9SterS ' S ° rbitan ,atty 3Cid eSlerS ' gfyco. fatty acid esters, 

alkyl diethanol amines, polyoxyethylene alkyl amines and polyoxyethylene alkyl ethers. 

12 ' ^ZZZ PreP f n9 a , b,a T" V S ' retChed P 0| y eth y ,ene film whi <* emprises an intermediate layer of a compo- 

9 ^ 3 ° WdenS,,y ^ ,yethylene(A)a ^ 
rSZ 1h ? P ° SI T COmprisin9 ' as main components. 100 parts by weight of the sum of 20 to 60 % by weight 

to To f C ,° PO,y r ' (B) 80 10 40 % by Wei9ht °' a linear ,ow densi 'y Polyethylene (C) and 0 5 
laidtm™ / !? ! SUrfaCtam ^P 081110 " the P^ess comprising melt^oextmding and solidifying 
of £ «SX C0 ° T 8 non - stre,ched film ha ™ 9 a 'h-kness of the intermediate J2 

ii5S!Lt? ! V u and 8 th ' CkneSS 3f,er S,retChin9 °' each of the innermost ^ ^d the outermost 

r h etCh J n9 non - s,retched fi,m in a temperature region where an orientation can be 
induced by stretching, under condrt.ons such that a tensile strength represented by formula (1) is :30 s s s 170 

Formula (1):S = £ d 

^^JSSSr 1 °' 3 bUbblS ^ d iS ^ inSidS dia - ter ° f 9 bUbble <-> - t is a film 

said linear low density polyethylene (A) has a density of 0.890 to 0.930 g/cofi and a melt flow index of 0 1 to 
10 gf 0 minutes, and shows, in measurement of a melting point by a differential scanning calorimeter a main 

XSST ( ? T hin I* ran9S ° f 118 ° * 5 ° C in 3 meKin9 CUrVe obtained when aftera tempeZe 
°I. cffwr, I" P J a ' 190 C f ° r 30 minUteS ' me is dropped down to 20»C at a cooling 

dtftlZ^ r and S " bsec ' uent| y raised at a heati "9 rate of 10°C /minute and shows a temperature 

obta n 6 d I T r ^ ° f * ' eaSt 3 °° Wh6rein Tmb iS 8 main P eak tem P« I" a ™tting curve 
obtained when after the temperature of the polyethylene is kept at 1 90»C for 30 minutes the temperature is 
dipped down to 20'C at a cooling rate o, 10»C /minute and subsequently raised a, a hea^ JSJ Zc 

said ethylene-a-olefin copolymer (B) has a density of 0.870 to 0.900 gW, a meft index of 0.1 to 20 g/10 
minutes and a melting point according to DSC of 50" to 100 e C ■ 

said linear low density polyethylene (C) has a density of 0.890 to 0.930 g/cm3 and a melt flow index of 0 1 to 
iu g/iu minutes; and 

fa«v«rf^ 

t y , h 1 ' P0ly9lyceral fat, y acid esters . s °*ttan fatty acid esters, polyethylene glycol fatty acid esters 
alkyl Methanol amines, polyoxyethylene alkyl amines and polyoxyethylene alkyl ethers 

13 ' iriTonl 5 °l? laim 1 f" 12 ' W . herein SaW Hnear l0WdensKy P^ylene (A) is a copolymer of ethylene and 
at least one a-olef.n selected from the group consisting of bu«ene-1 , hexene-1 , 4-methylpentene-1 and octene 1 

14 - sr^x™ biaxia,iy — poiyeihyi - - - a *~ 

SS::^ U - — *. thS biaxia " y — bed P^thy-ene film has an area 

16. The process of any of Claims 10 to 15, wherein the obtained biaxialfy stretched polyethylene film has elastic 

heaSr h 6r 1 minU, l ,ra : 30 % " el0n9a,i0n " ,he maChine direction — the trLverse dire 1 o, thfft 
heat-shrinked in an area shrinkage of 1 5 % at 90°C of at least 90 % respectively. 



Patentanspruche 



1. Ein biaxial gestreckter Polyethylenfilm, als Hauptkomponente umfassend lineares Hochdruckpolyethvlen fA) mil 
a !"e^chtevcx l 0,890bis0,93Og/cm3 U ndeinemSchmelzfluBindexvo n 0,1bis 

h„2 1 IT S?™^™ ze '9t. d'e erhalten wird, wenn nach Aufrechterhalten der Temperatur des 
atfSoTS^ 2? wahrend 30 Minuten die Temperatur mtt einer Abkuhlgeschwindigkei. von 100-clIu e 
auf 20 C gesenkt wird und anschheBend mit einer Heizgeschwindigkeit von 10°C/Minute erhoht wird und das 
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eine Temperaturdifferenz zwischen Tma und Tmb von mindestens 3°C zeigt, wobei Tmb eine Hauptpeak-Tempe- 
ratur in einer Schmelzkun/e ist, die erhalten wird, wenn nach Aufrechterhalten der Temperatur des Polyethylens 
bei 1 90°C wahrend 30 Minuten die Temperatur mit einer Abkuhlgeschwindigkeit von 1 0°C/Minute auf 20°C gesenkt 
wird und anschlieGend mit einer Heizgeschwindigkeit von 10°C/Minute erhoht wird. 

Ein biaxial gestreckter Polyethylenfilm, der aus einer Zusammensetzung gebildet wird, die als Hauptkomponenten 
100 Gewichtsteile der Summe von 90 bis 60 Gew-% eines linearen Hochdruckpolyethylens (A) und 10 bis 40 
Gew.-% eines Ethylen-a-Olefin-Copolymeren (B) und 0,5 bis 3,0 Gewichtsteile einer Surfactant-Zusammenset- 
zung (D) umfaGt, wobei: das lineare Hochdruckpolyethylen (A) eine Dichte von 0,890 bis 0,930 g/cm 3 und einen 
SchmelzfluGindex von 0,1 bis 10 g/10 Minuten aufweist und bei Messung eines Schmelzpunkts mit einem Diffe- 
rential-Scanning-Kalorimeter eine Hauptpeak-Temperatur (Tma) im Bereich von 118°C ± 5°C in einer Schmelz- 
kurve zeigt, die erhalten wird, wenn nach Aufrechterhalten der Temperatur des Polyethylens bei 190°C wahrend 
30 Minuten die Temperatur mit einer Abkuhlgeschwindigkeit von 1 00°C/Minute auf 20°C gesenkt wird und anschlie- 
Gend mit einer Heizgeschwindigkeit von 10°C/Minute erhoht wird, und das eine Temperaturdifferenz zwischen 
Tma und Tmb von mindestens 3°C zeigt, wobei Tmb eine Hauptpeak-Temperatur in einer Schmelzkurve ist, die 
erhalten wird, wenn nach Aufrechterhalten der Temperatur des Polyethylens bei 1 90°C wahrend 30 Minuten die 
Temperatur mit einer Abkuhlgeschwindigkeit von 10°C/Minute auf 20°C gesenkt wird und anschlieGend bei einer 
Heizgeschwindigkeit von 10°C/Minute erhoht wird; 

wobei das Ethylen-a-Olefin-Copolymer (B) eine Dichte von 0,870 bis 0,900 g/cm3, einen Schmelzindex von 
0,1 bis 20 g/10 Minuten und einen Schmelzpunkt entsprechend DSC von 50°C bis 100°C aufweist; und 

die Surfactant-Zusammensetzung (D) mindestens ein oberflachenaktives Mittel umfaGt, ausgewahlt aus der 
aus Glycerinfettsaureestem, Polyglycerinfettsaureestern, Sorbitanfettsaureestern, Polyethylenglykolfettsau- 
reestem, Alkyldiethanolaminen, Polyoxyethylenalkylaminen und Polyoxyethylenalkylethern bestehenden 
Gruppe. 

Ein biaxial gestreckter Polyethylenfilm, der umfaGt: 

eine Zwischenschicht, die aus einer ein lineares Hochdruckpolyethylen (A) als Hauptkomponente umfassen- 
den Zusammensetzung und einer innersten und einer auGersten Schicht gebildet ist, die aus einer Zusam- 
mensetzung gebildet sind, welche als Hauptkomponenten 100 Gewichtsteile der Summe von 20 bis 60 Gew- 
% eines Ethylen-a-Olefin-Copolymeren (B) und 80 bis 40 Gew.-% eines linearen Hochdruckpolyethylens (C) 
und 0,5 bis 3,0 Gewichtsteile einer Surfactant-Zusammensetzung (D) umfaGt; 

wobei die Dicke der Zwischenschicht mindestens 60 % aller Schichten ausmacht und die Dicke der innersten 
Schicht und der auGersten Schicht jeweils mindestens 1 jim betragt, wobei: 

das lineare Hochdruckpolyethylen (A) eine Dichte von 0,890 bis 0,930 g/cm 3 und einen SchmelzfluGindex von 
0,1 bis 10 g/10 Minuten aufweist und bei Messung eines Schmelzpunkts mit einem Differential-Scanning- 
• Kalorimeter eine Hauptpeak-Temperatur (Tma) im Bereich von 118°C ± 5°C in einer Schmelzkurve zeigt, die 
erhalten wird, wenn nach Aufrechterhalten der Temperatur des Polyethylens bei 190°C wahrend 30 Minuten 
die Temperatur mit einer Abkuhlgeschwindigkeit von 100°C/Minute auf 20°C gesenkt wird und anschlieGend 
mit einer Heizgeschwindigkeit von 10°C/Minute erhoht wird, und das eine Temperaturdifferenz zwischen Tma 
und Tmb von mindestens 3°C zeigt, wobei Tmb eine Hauptpeak-Temperatur in einer Schmelzkurve ist, die 
erhalten wird, wenn nach Aufrechterhalten der Temperatur des Polyethylens bei 190°C wahrend 30 Minuten 
die Temperatur mit einer Abkuhlgeschwindigkeit von 10°C/Minute auf 20°C gesenkt wird und anschlieGend 
mit einer Heizgeschwindigkeit von 10°C/Minute erhoht wird; 

wobei das Ethylen-a-Olefin-Copolymer (B) eine Dichte von 0,870 bis 0,900 g/cm 3 , einen Schmelzindex von 
0,1 bis 20 g/10 Minuten und einen Schmelzpunkt entsprechend DSC von 50°C bis 100°C aufweist; 

das lineare Hochdruckpolyethylen (C) eine Dichte von 0,890 bis 0,930 g/cm 3 und einen Schmelzindex von 
0,1 bis 10 g/10 Minuten aufweist; und 

die Surfactant-Zusammensetzung (D) mindestens ein oberflachenaktives Mittel umfaGt, ausgewahlt aus der 
aus Glycerinfettsaureestem, Polyglycerinfettsaureestern, Sorbitanfettsaureestern, Polyethylenglykolfettsau- 
reestem, Alkyldiethanolaminen, Polyoxyethylenalkylaminen und Polyoxyethylenalkylethern bestehenden 
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Gruppe. 

4. Der biaxial gestreckte Polyethylenfilm aus Anspruch 2 Oder 3, wobei die Surfactant-Zusammensetzung (D) min- 
destens em oberflachenaktives Mittel ist, ausgewahlt aus der aus Polyglycerinfettsaureestern, Sorbitanfettsaure- 
estern, Polyethylenglykolfettsaureestern und Alkyldiethanolaminen bestehenden Gruppe. 

5. Der biaxial gestreckte Polyethylenfilm aus Anspruch 1, 2 Oder 3, wobei die endotherme Flache im Bereich von 
Tma ± 5 C mindestens 15 % der gesamten endothermen Flache ausmacht. 

6. Der biaxial gestreckte Polyethylenfilm aus Anspruch 1 , 2 Oder 3, mil einer Dickeabweichung von weniger als 8 %. 

? ' on^'f i l 9 . eStreCkte Po| y eth y |en,ilm aus A "spruch 1 , 2 Oder 3, mil einer Flachenschrumpf ung von mindestens 
20 % be i 90° C. 

8. Der biaxial gestreckte Polyethylenfilm aus Anspruch 2 Oder 3, mit einer Zugfestigkeit bei 50 % Elongation von 
nicht mehr als 500 kg/cm 2 . 

9. Der biaxial gestreckte Polyethylenfilm aus Anspruch 2 oder 3, mit einer elastischen Ruckstellung von mindestens 
jeweils 90 % nach einer Minute nach 30 % Elongation in Maschinenrichtung und in Querrichtung des Films der 
mit einer Flachenschrumpfung von 15% bei 90°C hitzegeschrumpft wurde. ' 

10. Ein Verfahren zur Herstellung eines biaxial gestreckten Polyethylenfilms aus einer Zusammensetzung die ein 
ineares Hochdruckpolyethylen (A) als Hauptkomponente umfaBt, wobei das Verfahren Schmelzextrudieren und 
Verfestigen der Zusammensetzung durch schnelles Kuhlen zur Herstellung eines nicht-gestreckten Films und 
Strecken des nicht-gestreckten Films in einem Temperaturbereich umfaBt, in dem eine Orientierung durch Strecken 
induziert werden kann, unter Bedingungen, bei denen eine Zugfestigkeit wie durch Formel (1) darqestellt 30 £ S 
s 170 kg/cm 2 betragt: _ 

FORMEL (1): S = |j 

wobei p der Innendruck einer Blase (kg/cm 2 ) ist, d der Innendurchmesser einer Blase (cm) ist und t die Filmdicke 
(cm) ist; und wobei 

das lineare Hochdruckpolyethylen (A) eine Dichte von 0,890 bis 0,930 g/cm3 und einen SchmelzfluBindex von 0 1 
bis 10 g/10 Minuten aufweist und bei Messung eines Schmelzpunkts mit einem Differential-Scanning-Kalorimeter 
eine Hauptpeak-Temperatur (Tma) im Bereich von 118°C ± 5°C in einer Schmelzkurve zeigt, die erhalten wird 
wenn nach Aufrechterhalten der Temperatur des Polyethylens bei 190°C wahrend 30 Minuten die Temperatur mit 
einer Abkuhlgeschwindigkeit von 100°C/Minute auf 20»C gesenkt wird und anschlieBend mit einer Heizgeschwin- 
digkeit von 10°C/Minute erhoht wird, und das eine Temperaturdifferenz zwischen Tma und Tmb von mindestens 
3 C zeigt wobei Tmb eine Hauptpeak-Temperatur in einer Schmelzkurve ist, die erhalten wird, wenn nach Auf- 
rechterhalten der Temperatur des Polyethylens bei 190°C wahrend 30 Minuten die Temperatur mit einer Abkuhl- 
geschwindigkeit von 10°C/Minute auf 20°C gesenkt wird und anschlieBend mit einer Heizgeschwindigkeit von 
10°C/Minute erhoht wird. 

Ein Verfahren zur Herstellung eines biaxial gestreckten Polyethylenfilms aus einer Zusammensetzung, die als 
Hauptkomponenten 100 Gewichtsteile der Summe von 90 bis 60 Gew,% eines linearen Hochdruckpolyethylen 
(A) und 10 b.s 40 Gew.-% eines Ethylen-a-Olefin-Copolymeren (B) und 0,5 bis 3,0 Gewichtsteile einer Surfactant- 
Zusammensetzung (D) umfaBt; wobei das Verfahren Schmelzextrudieren und Verfestigen der Zusammensetzung 
durch schnelles Kuhlen zur Herstellung eines nicht-gestreckten Films und Strecken des nicht-gestreckten Films 
in einem Temperaturbereich umfaBt, in dem eine Orientierung durch Strecken induziert werden kann, unter solchen 
Bedingungen, daB die durch Formel (1) dargestellte Zugfestigkeit 30 S S S 170 kg/cm 2 betragt 
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FORMEL (1):S = ^ 
2t 



wobei p der Innendruck einer Blase (kg/cm 2 ) ist, d der Innendurchmesser einer Blase (cm) ist und t die Filmdicke 
(cm) ist, und wobei 



das lineare Hochdruckpolyethylen (A) eine Dichte von 0,890 bis 0,930 g/cm 2 und einen SchmelzfluBindex von 
0,1 bis 10 g/10 Minuten aufweist und bei Messung eines Schmelzpunkts mit einem Differential-Scanninq- 
Kalorimeter eine Hauptpeak-Temperatur (Tma) im Bereich von 118°C ± 5°C in einer Schmelzkurve zeigt die 
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erhalten wird, wenn nach Aufrechterhalten der Temperatur des Polyethylens bei 190°C wahrend 30 Minuten 
die Temperatur mit einer Abkuhlgeschwindigkeit von 100°C/Minute auf 20°C gesenkt wlrd und anschlieBend 
mit einer Heizgeschwindigkeit von 10°C/Minute erhoht wird, und das eine Temperaturdifferenz zwischen Tma 
und Tmb von mindestens 3°C zeigt, wobei Tmb eine Hauptpeak-Temperatur in einer Schmelzkurve ist, die 
5 erhalten wird, wenn nach Aufrechterhalten der Temperatur des Polyethylens bei 190°C wahrend 30 Minuten 

die Temperatur mit einer Abkuhlgeschwindigkeit von 1 0°C/Minute auf 20°C gesenkt wird und anschlieBend 
mit einer Heizgeschwindigkeit von 10°C/Minute erhoht wird; 

wobei das Ethylen-a-Olefin-Copolymer (B) eine Dichte von 0,870 bis 0,900 g/cm 3 , einen Schmelzindex von 
10 0,1 bis 20 g/10 Minuten und einen Schmelzpunkt entsprechend DSC von 50°C bis 100°C aufweist; und 

die Surfactant-Zusammensetzung (D) mindestens ein oberflachenaktives Mittel umfaBt, ausgewahlt aus der 
aus Glycerinfettsaureestem, Polyglycerinfettsaureestern, Sorbitanfettsaureestern, Polyethylenglykolfettsau- 
reestem, Alkyldiethanolaminen, Polyoxyethylenalkylaminen und Polyoxyethylenalkylethern bestehenden 
is Gruppe. 

12. Ein Verfahren zur Herstellung eines biaxial gestreckten Polyethylenfilms, der eine Zwischenschicht aus einer 
Zusammensetzung umfaBt, die ein lineares Hochdruckpolyethylen (A) als Hauptkomponenten umfaBt und eine 
innerste Schicht und eine auBerste Schicht aus einer Zusammensetzung, die als Hauptkomponente 1 00 Gewichts- 

20 teile der Summe aus 20 bis 60 Gew.-% eines Ethylen-a-Olefin-Copolymeren (B) und 80 bis 40 Gew.-% eines 

linearen Hochdruckpolyethylen (C) und 0,5 bis 3,0 Gewichtsteile einer Surfactant-Zusammensetzung (D) umfaBt; 
wobei das Verfahren Schmelz-Coextrudieren und Verfestigen dieser Zusammensetzungen durch schnelles Kuhlen 
zur Herstellung eines nicht-gestreckten Films mit einer Dicke der Zwischenschicht von mindestens 60 % aller 
Schichten und einer Dicke nach dem Strecken von jeweils der innersten Schicht und der auBersten Schicht von 

25 mindestens 1 u.m und Strecken des nicht-gestreckten Films in einem Temperaturbereich, in dem eine Orientierung 

durch Strecken induziert werden kann, unter solchen Bedingungen umfaBt, daB die durch Formel (1 ) dargestellte 
Zugfestigkeit 30 ^ S ^ 170 kg/cm 2 betragt: 

FORMEL (1): S = ^ 

30 wobei p der tnnendruck einer Blase (kg/cm 2 ) ist, d der Innendurchmesser einer Blase (cm) ist und t die Filmdicke 

(cm) ist, und wobei 

das lineare Hochdruckpolyethylen (A) eine Dichte von 0,890 bis 0,930 g/cm 3 und einen SchmelzfluBindex von 
0,1 bis 10 g/10 Minuten aufweist und bei Messung eines Schmelzpunkts mit einem Differential-Scanning- 

35 Kalorimeter eine Hauptpeak-Temperatur (Tma) im Bereich von 118°C ± 5°C in einer Schmelzkurve zeigt, die 

erhalten wird, wenn nach Aufrechterhalten der Temperatur des Polyethylens bei 190°C wahrend 30 Minuten 
die Temperatur mit einer Abkuhlgeschwindigkeit von 100°C/Minute auf 20°C gesenkt wird und anschlieBend 
mit einer Heizgeschwindigkeit von 10°C/Minute erhoht wird, und das eine Temperaturdifferenz zwischen Tma 
und Tmb von mindestens 3°C zeigt, wobei Tmb eine Hauptpeak-Temperatur in einer Schmelzkurve ist, die 

40 erhalten wird, wenn nach Aufrechterhalten der Temperatur des Polyethylens bei 190°C wahrend 30 Minuten 

die Temperatur mit einer AbkOhlgeschwindigkeit von 10°C/Minute auf 20°C gesenkt wird und anschlieBend 
mit einer Heizgeschwindigkeit von 10°C/Minute erhoht wird; 

wobei das Ethylen-a-Olefin-Copolymer (B) eine Dichte von 0,870 bis 0,900 g/cm 3 , einen Schmelzindex von 
45 0,1 bis 20 g/10 Minuten und einen Schmelzpunkt entsprechend DSC von 50°C bis 100°C aufweist; 

das lineare Hochdruckpolyethylen (C) eine Dichte von 0,890 bis 0,930 g/cm 3 und einen Schmelzindex von 
0,1 bis 10 g/10 Minuten aufweist; und 

50 die Surfactant-Zusammensetzung (D) mindestens ein oberflachenaktives Mittel umfaBt, ausgewahlt aus der 

aus Glycerinfettsaureestem, Polyglycerinfettsaureestern, Sorbitanfettsaureestern, Polyethylenglykolfettsau- 
reestem, Alkyldiethanolaminen, Polyoxyethylenalkylaminen und Polyoxyethylenalkylethern bestehenden 
Gruppe. 

55 13. Das Verfahren aus Anspruch 10, 11 oder 12, wobei das lineare Hochdruckpolyethylen (A) ein Copolymer aus 
Ethylen und mindestens einem cc-Olefin ist, ausgewahlt aus der aus Buten-1, Hexen-1, 4-Methylpenten-1 und 
Octen-1 bestehenden Gruppe. 
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14. Das Verfahren nach einem der Anspruche 10 bis 13, wobei der erhaltene biaxial gestreckte Polyethylenfilm eine 
Zugfestigkeit bei 50 % Elongation von nicht mehr als 500 kg/cm 2 aufweist. 

15. Das Verfahren nach einem der Anspruche 10 bis 14, wobei der erhaltene biaxial gestreckte Polyethylenfilm eine 
Flachenschrumpfung von mindestens 20 % bei 90°C aufweist. 

16. Das Verfahren nach einem der Anspruche 10 bis 15, wobei der erhaltene biaxial gestreckte Polyethylenfilm eine 
elastische Ruckstellung von mindestens jeweils 90 % nach 1 Minute von 30 % Elongation in Maschinenrichtung 
und in Querrichtung des Films, der bei 90°C mit einer Flachenschrumpfung von 15 % warmegeschrumpft wurde 
aufweist. . 



Revendications 

1. Film de polyethylene biaxialement etire, comprenant, comme composant principal, un polyethylene basse densite 
lineaire (A) ayant une densite de 0,890 a 0,930 g/cm 3 et un indice d'ecoulement de masse fondue de 0,1 a 10 
g/10 minutes, et pr<§sentant, lors de la mesure du point de fusion au calorimetre differential a balayage une tem- 
perature de pic principal (Tma) comprise dans I'intervalle de 118° + 5°C sur la courbe de fusion obtenue quand 
on maintient la temperature du polyethylene a 190°C pendant 30 minutes, puis on fait chuter la temperature a 
20°C a une Vitesse de refroidissement de 100°C par minute, et ensuite on remonte la temperature a une vitesse 
de chauffage de 10°C par minute, et presentant une difference de temperature entre Tma et Tmb d'au moins 3°C 
quand Tmb est la temperature du pic principal sur la courbe de fusion obtenue quand, apres avoir maintenu la 
temperature du polyethylene a 190°C pendant 30 minutes, on fait chuter la temperature a 20°C a une vitesse de 
refroidissement de 10°C par minute, et ensuite on augmente la temperature a une vitesse de chauffage de 10°C 
par minute. 

2. Film de polyethylene biaxialement etire qui est forme a partir d'une composition comprenant comme composants 
prmcipaux, 100 parties en poids de la somme de 90 a 60% en poids d'un polyethylene basse densite lineaire (A) 
et de 1 0 a 40% en poids d'un copolymere ethylene-a-olefine (B) et de 0,5 a 3,0 parties en poids d'une composition 
de tensioactif (D), ou : 

ledit polyethylene basse densite lineaire (A) a une densite de 0,890 a 0,930 g/cm 3 , et un indice de fusion de 
masse fondue de 0,1 a 10 g/10 minutes, et il presente, lors de la mesure du point de fusion au calorimetre 
differential a balayage, une temperature de pic principal (Tma) dans I'intervalle de 118° ± 5°C sur une courbe 
de fusion obtenue quand, apres avoir maintenu la temperature du polyethylene a 190°C pendant 30 minutes 
on fait chuter la temperature a 20°C a une vitesse de refroidissement de 100°C par minute, et ensuite, on 
remonte la temperature a une vitesse de chauffage de 10°C par minute, et il presente une difference de 
temperature entre Tma et Tmb d'au moins 3°C, ou Tmb est la temperature de pic principal sur la courbe de 
fusion obtenue quand, apres avoir maintenu la temperature du polyethylene a 190°C pendant 30 minutes on 
fait chuter la temperature a 20°C a une vitesse de refroidissement de 10°C par minute, et ensuite on remonte 
la temperature a une vitesse de chauffage de 10°C par minute ; 

ledit copolymere ethylene-a-olefine (B) a une densite de 0,870 a 0,900 g/cm 3 , un indice de fusion de 0,1 a 20 
g/10 minutes, et un point de fusion selon la DSC de 50° a 100°C ; et 

ladite composition de tensioactif (D) comprend au moins un tensioactif choisi dans le groupe constitu6 des 
esters d'acide gras de glycerol, des esters d'acide gras de polyglycerol, des esters d'acide gras de sorbitane 
des esters d'acide gras de polyethylene glycol, des alkyl-diethanolamines, des alkylamines polyoxyethylenees,' 
et des ethers alkyliques polyoxyethylenes. 

3. Film de polyethylene etire biaxialement qui comprend : 

une couche intermediaire f ormee a partir d'une composition comprenant un polyethylene basse densite lineaire 
(A) comme composant principal, et une couche la plus a I'interieur et une couche la plus a I'exterieur formees 
a partir d'une composition comprenant, comme composants principaux, 100 parties en poids de la somme de 
20 a 60% en poids d'un copolymere ethylene-a-olefine (B) et de 80 a 40% en poids d'un polyethylene basse 
densite lineaire (C), et de 0,5 a 3,0 parties en poids d'une composition de tensioactif (D) ; 
I'epaisseur de la couche intermediaire representant au moins 60% de toutes les couches,' et I'epaisseur de la 
couche la plus a I'interieur et de la couche la plus a I'exterieur etant au moins 1 urn, respectivement, ou ■ 
ledit polyethylene basse densite lineaire (A) a une densite de 0,890 a 0,930 g/cm 3 et un indice d'ecoulement 
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de masse fondue de 0,1 a 10 g/10 minutes, et il presente, a la mesure du point de fusion par calorimetre 
diff6rentiel a balayage, une temperature de pic principal (Tma) dans I'intervalle de 118° ± 5°C sur une courbe 
de fusion obtenue quand, apres avoir maintenu la temperature du polyethylene a 190°C pendant 30 minutes, 
on fait chuter la temperature a 20°C a une vitesse de refroidissement de 100°C par minute, et ensuite on 

5 remonte la temperature a une vitesse de chauffage de 10°C par minute, et il presente une difference de 

temperature entre Tma et Tmb d'au moins 3°C, ou Tmb est la temperature du pic principal sur la courbe de 
fusion obtenue quand apres avoir maintenu la temperature du polyethylene a 1 90°C pendant 30 minutes, on 
fait chuter la temperature a 20°C a une vitesse de refroidissement de 10°C par minute et ensuite on remontre 
la temperature a une vitesse de chauffage de 10°C par minute ; 

10 ledit copolymere ethyiene-a-oiefine (B) a une densite de 0,870 a 0,900 g/cm 3 , un indice de fusion de 0,1 a 20 

g/10 minutes, et un point de fusion selon DSC de 50° a 100°C ; 

ledit polyethylene basse densite lineaire (C) a une densite de 0,890 a 0,930 g/cm 3 et un indice d'ecoulement 
de masse fondue de 0,1 a 10 g/10 minutes ; et 

ladite composition de tensioactif (D) comprend au moins un tensioactif choisi dans le groupe constitue des 
15 esters d'acide gras de glycerol, des esters d'acide gras de polyglycerol, des esters d'acide gras de sorbitane, 

des esters d'acide gras de polyethylene glycol, des alkyldiethanolamines, des alkylamines polyoxyethyienees 
et des ethers alkyliques polyoxy ethylenes. 

4. Film de polyethylene biaxialement etire selon la revendication 2 ou 3, ou ladite composition de tensioactif (D) 
20 re p r 6 S ente au moins un tensioactif choisi dans le groupe constitue des esters d'acide gras de polyglycerol, des 

esters d'acide gras de sorbitane, des esters d'acide gras de polyethylene glycol et des alkyldiethanolamines. 

5. Film de polyethylene biaxialement etire selon la revendication 1 , 2 ou 3, ou la surface endothermique dans I'inter- 
valle de Tma ± 5°C represente au moins 15% de la surface endothermique totale. 

25 

6. Film de polyethylene biaxialement etire selon la revendication 1 , 2 ou 3, ayant une variation d'epaisseur infeheure 
a 8%. 

7. Film de polyethylene biaxialement etire selon la revendication 1, 2 ou 3, qui a un retrait de surface d'au moins 
30 20%a90°C. 

8. Film de polyethylene biaxialement etire, selon la revendication 2 ou 3, qui a une resistance a la traction a 50% 
d'allongement qui ne depasse pas 500 kg/cm 2 . 

35 9. Film de polyethylene biaxialement etire selon la revendication 2 ou 3, qui a des recuperations eiastiques apres 
une minute apres allongement a 30% dans le sens machine et dans le sens transversal du film retracte a la chaleur 
dans un retrait de surface de 15% a 90°C d'au moins 90%, respectivement. 

10. Procede de preparation d'un film de polyethylene biaxialement etire a partir d'une composition comprenant un 
40 polyethylene basse densite lineaire (A) comme composant principal, le procede comprenant d'extruder a I'etat 

fondu et de solidifier la composition par refroidissement rapide, pour fournir un film non etire et on etire le film non 
etire dans une region de temperature ou on peut provoquer une orientation par etirage, dans des conditions telles 
que la force de traction representee par la formule (1 ) est 30 < S < 1 70 kg/cm 2 : 

45 Formule (1):S = g 

ou p est la pression interne de la bulle (kg/cm 2 ), d est le diametre interieur de la bulle (cm) et t est repaisseur du 
film (cm) ; et ou : 

ledit polyethylene basse densite Iin6aire (A) a une densite de 0,890 a 0,930 g/cm 3 et a un indice d'ecoulement 
de masse fondue de 0,1 a 10 g/10 minutes, et presente, lors de la mesure du point de fusion au calorimetre 

50 differentiel par balayage, une temperature de pic principal (Tma) dans I'intervalle de 118° ± 5°C sur la courbe de 

fusion obtenue quand, apres avoir maintenu la temperature du polyethylene a 190°C pendant 30 minutes, on fait 
chuter la temperature a 20°C a une vitesse de refroidissement de 100°C par minute et ensuite, on remonte la 
temperature a une vitesse de chauffage de 10°C par minute, et qui presente une difference de temperature entre 
Tma et Tmb d'au moins 3°C, ou Tmb est la temperature du pic principal sur la courbe de fusion obtenue quand, 

55 apres avoir maintenu la temperature du polyethylene a 190°C pendant 30 minutes, on fait chuter la temperature 

a 20°C a une vitesse de refroidissement de 10°C par minute, et ensuite on remonte la temperature a une vitesse 
de chauffage de 10°C par minute. 
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. Procede de preparation d'un film de polyethylene biaxialement etir6 ayant la composition comprenant comma 
composants pnncipaux, 100 parties en poids de la somme de 90 a 60% en poids d'un polyethylene basse densite 
lineaire (A) et 10 a 40% en poids d'un copolymere ethylene-a-olefine (B) et 0,5 a 3,0 parties en poids d'une com- 
position de tensioactif (D) le precede comprenant d'extruder la masse fondue et de solidifier la composition par 
refro.d.ssement rapide pour produire un film non etire, et etirer le film non etire dans un intervalle de temperature 
ou on peut provoquer une orientation par etirage, dans des conditions telles que la force d'etirage est representee 
parlaformule(1)30<S<170kg/cm 2 : Pawnee 

Formule(1):S = ^ 
2t 

oil p est la pression interne de la bulle (kg/cm 2 ), d est le diametre interieur de la bulle (cm) et t est I'epaisseur du 
film (cm) ; et ou : 



ledit polyethylene basse densite Iin6aire (A) a une densite de 0,890 a 0,930 g/cm3 et un indice d'ecoulement 
de masse fondue de 0,1 a 10 g/10 minutes, et presente, lors de la mesure du point de fusion par calorimetre 
differentiel a balayage, une temperature de pic principal (Tma) dans I'intervalle de 118" ± 5°C sur une courbe 
de fusion obtenue apres avoir maintenu la temperature du polyethylene a 190»C pendant 30 minutes on fart 
chuter la temperature a 20°C a une Vitesse de refroidissement de 100°C par minute, et ensuite on remonte 
la temperature a une vitesse de chauffage de 10°C par minute, et il presente une difference de temperature 
entre Tma et Tmb d'au moins 3°C, ou Tmb est la temperature de pic principal sur la courbe de fusion obtenue 
quand, apres avoir maintenu le polyethylene a une temperature de 1 90»C pendant 30 minutes, on fait chuter 
la temperature a 20°C a une vitesse de refroidissement de 10°C par minute, et ensuite on remonte la tempe- 
rature a une vitesse de chauffage de 1 0°C par minute ; 

ledit copolymere ethylene-a-olefine (B) a une densite de 0,870 a 0,900 g/cm3 un indice de fusion de 0 1 a 20 
g/10 minutes, et un point de fusion selon DSC de 50 a 100°C ; et 

ladite composition de tensioactif (D) comprend au moins un tensioactif choisi dans le groupe constitue des 
esters d'acide gras de glycerol, des esters d'acide gras de polyglycerol, des esters d'acide gras de sorbitane 
des esters dac.de gras de polyethylene glycol, des alkyldiethanolamines, des alkylamines P olyoxyethyl6n6es' 
et des ethers alkyliques polyoxy ethylenes. 

12. Precede de preparation d'un film de polyethylene biaxialement etire, qui comprend une couche intermediate d'une 
composition comprenant un polyethylene basse densite lineaire (A) comme composant principal, et une couche 
la plus a I interieur et une couche la plus a I'exterieur d'une composition comprenant, comme composants princi- 
pal, 1 00 parties en poids de la somme de 20 a 60% en poids d'un copolymers ethyiene-a-oiefine (B) et de 80 a 
40 /o en poids d'un polyethylene basse densite lineaire (C), et de 0,5 a 3,0 parties en poids d'une composition de 
tensioactif (D) ; le precede comprenant de co-extruder les masses fondues et de solidifier lesdites compositions 
par refroidissement rapide pour produire un film non etire ayant une epaisseur de la couche intermediate qui 
represente au moins 60% de I'epaisseur de toutes les couches et qui a une epaisseur apres etirage de chacune 
des couches la plus interne et la plus a I'exterieur d'au moins 1 pm, et d'etirer le film non etire dans un intervalle 
de temperature ou on peut provoquer I'orientation par etirage, dans des conditions telles que la force d'etiraqe est 
representee par la formule(1), qui est 30 <: Si 170 kg/cm 2 : 

Formule(1):S = ^ 1 

ou P est la pression interne de la bulle (kg/cm 2 ), d est le diametre interne de la bulle (cm), et t est I'epaisseur du 
film (cm) ; et ou : 

ledit polyethylene basse densite lineaire (A) a une densite de 0,890 a 0,930 g/cmS et un indice d'ecoulement 
de masse fondue de 0,1 a 10 g/10 minutes, et presente, lors de la mesure du point de fusion par calorimetre 
differentiel a balayage, une temperature de pic principal (Tma) dans I'intervalle de 118° ± 5°C sur une courbe 
de fusion obtenue quand, apres avoir maintenu la temperature du polyethylene a 190°C pendant 30 minutes 
on fait chuter la temperature a 20°C a une vitesse de refroidissement de 100°C par minute et ensuite on 
remonte la temperature a une vitesse de chauffage de 10»C par minute, et il presente une difference de 
temperature entre Tma et Tmb d'au moins 3°C, ou Tmb est la temperature de pic principal sur la courbe de 
fusion obtenue quand, apres avoir maintenu le polyethylene a une temperature de 1 90'C pendant 30 minutes 
on fait chuter la temperature a 20°C a une vitesse de refroidissement de 10°C par minute, et ensuite on 
remonte la temperature a une vitesse de chauffage de 10"C par minute ; 

ledit copolymere ethyl6ne-a-ol6fine (B) a une densite de 0,870 a 0,900 g/cm3, un indice de fusion de 0 1 a 20 
g/10 minutes, et un point de fusion selon DSC de 50 & 1 00°C ; 
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ledit polyethylene basse densite Iin6aire (C) a une density de 0,890 a 0,930 g/cm 3 , et un indice d'ecoulement 
de masse fondue de 0,1 a 10 g/10 minutes et 

ladite composition de tensioactif (D) comprend au moins un tensioactif choisi dans le groupe constitue des 
esters d'acide gras de glycerol, des esters d'acide gras de poly glycerol, des esters d'acide gras de sorbitane, 
5 des esters d'acide gras de polyethylene glycol, des alkyldiethanolamines, des alkylamines polyoxyethy lenses, 

et des ethers alkyliques polyoxy6thyienes. 

13. Procede selon la revendication 10, 11, ou 12, ou ledit polyethylene basse densite Iin6aire (A) est un copolymere 
d'ethylene et au moins une a-olefine choisie dans le groupe constitue du butene-1 , hexene-1 , 4-methyl-pentene- 

10 1 etoctene-1. 

14. Procede selon Tune quelconque des revendications 10 a 13, ou le film de polyethylene biaxialement etire obtenu 
a une resistance a la traction pour un allongement de 50% qui ne depasse par 500 kg/cm 2 . 

75 15. Procede selon Tune quelconque des revendications 10 a 14, ou le film de polyethylene biaxialement etire a un 
retrait de surface d'au moins 20% a 90%, 

16. Procede selon Tune quelconque des revendications 10 a 15, ou le film de polyethylene biaxialement etire obtenu 
a une recuperation eiastique apres une minute apres allongement de 30% dans le sens machine et dans le sens 
20 transversal d'au moins 90%, respectivement, pour le film retracte a la chaleur d'un retrait de surface de 1 5% a 90°C. 
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FIG. I 
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